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TWENTY-FIRST ANNUAL REPORT.

TO THE RIGHT HONOURABLE

LORD BALFOUR of BURLEIGH

His Majesty^s Secretary for Scotland.

Office of the Fishery Board

FOR Scotland,

Edinburgh, Zlst March, 1903.

My Lord,

In continuation of our Twenty-first Annual Keport we have

the honour to submit

—

PART IL—REPORT ON SALMON FISHERIES.

The total weight of Salmon carried by Scottish Railways and Returns of

Steamships during the fishing season of 1902 shows an increase of
^^°jf^^y .^^^

twenty-four tons on the weight carried in 1901. This is a small in- steamship

crease, but it may be remembered that the total for 1901 showed an ^^ompames

increase of 250 tons over 1900. The figure now attained is, how-
ever, still below the last calculated average (1894-1898) by 659 tons.

The section of the coast from Berwick to Cairnbulg Point, at the

entrance to the Moray Firth, is only very slightly under its total

for 1901, while the section north of this—Cairnbulg Point to Cape
Wrath—has continued to increase in productiveness. A marked
rise is still more noticeable in the figure representing the West
Highland fishing—Cape Wrath to Glasgow. It is, however, in the

remaining section which extends from the Firth of Clyde to the

Border, including the Solway Firth, that the drop takes place

which seriously reduces the total. With the exception of this

section, it may be said that the stock of salmon, so far as these

returns show, is maintained. A Table showing the total weights
carried from each section, and a chart of curves, express the con-

dition referred to. It is necessary, however, to state that while in

many localities the stock of salmon seemed markedly deficient, the

run of grilse was most pronounced and helped materially with their

numbers to produce the weights given. Some idea of the relative

abundance of salmon and of grilse will be obtained by reference to

the charts included in Appendix II.
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CURVES SHOWING APPROXIMATELY THE TONS OF SALMON CARRIED BY
SCOTTISH RAILWAYS & STEAMSHIPS SINCE 1894.

D/V/S/ONS OF
SCOTTISH COAST

Berwick to

Cairnbulg Point

Cairnbul^ Point to

Cape Wrath

Cape Wrath to

Glasgow

Glasgow to the

Border





Report on Salmon Fisheries. vii

A monthly return of the number of boxes of salmon received at

Billingsgate has been, as hitherto, kindly furnished by The Fish-

mongers' Company. "We have incorporated the returns respecting

Scotland, with the returns of previous years, in the following

Table :—

Table showing Number of Boxes of Scottish Salmon delivered at

Billingsgate each Month for the Years 1884 to 1902

elusive :

—
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The following full return from The Fishmongers' Company
shows, for comparison, Scottish, English, Irish, and Foreign salmon
delivered at Billingsgate.
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In order that totals for a long series of years may be compared,

the following Table is given :

—

Table showing the Number of Boxes of Scottish Salmon sent to

Billingsgate from 1834 to 1902 inclusive :

—

x ear. l>oxes 01 fetilinon. x 68,r.

1834 30,650 1869 20,474

1835 42,330 1870 orv a AOz0,d4o

1836 24,570 1871 23,390

1837 32,300 1872 24,404

1838 21,400 1873 30,181

1839 16,340 1874 32,180

1840 15,160 1875 20,375

1841 28,500 1876 34,655

1842 39,417 1877 28,189

1843 30,300 1878 26,465

1844 28,178 1879 1 0 non13,9zy

1845 31,062 1880 17,457

1846 25,510 1881 2o,yoo

1847 20,112 1882
1848 22,525 1883 35,506

1849 23,690 1884 27,219

1850 13,940 1885 3(',3dz

1851 11,593 1886 23,407

1852 13,044 1887 26,907

22,8571853 19,485 1888
1854 23,194 1889 21,101

1855 18,197 1890 18,931

1856 15,438 1891 25,889

1857 18 654 1892 21 919
1858 21^564 1893 18^903

1859 15,823 1894 15,489

1860 15,870 1895 25,364
1861 12,337 1896 22,435

1862 22,796 1897 16,284

1863 24,297 1898 14,174
1864 22,603 1899 15,411
1865 19,009 1900 15,151

1866 21,725 1901 16,648
1867 23,006 1902 15,965
1868 28,020

Table of Boxes
of Scottish

Salmon sent to

Billingsgate

from 1834 to

1902 inclusive.

In the Table showing the monthly returns it is noticeable that

the product of July surpassed any monthly figure reached since the

very productive summers of 1895-1896. This is accounted for by
the excellence of the grilse run. The amount of salmon caught
during the rest of the season and sent to Billingsgate would there-

fore seem to be below the average, since the total in the above
return is 432 boxes below the average for the last five years.

The Tay rentals for the past 74 years are as follows:

—

[Table
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Salmon
Fishings.

.^y Year.

1828
Keuta Year. Rental.

- £14,574 10 0 1866 - £17,465 3 4
1829 - 14,529 10 0 1867 - 16,852 18 4

1830 13,747 8 0 1868 - 16,965 15 10
1831 13,874 0 0 1869 - 17,444 15 0
1832 11,629 0 0 1870 - 17,044 8 4
1833 - 11,577 0 0 1871 - 16,382 8 4

1834 10,907 10 0 1872 - 15,162 15 0
1835 10,856 10 0 1873 17,519 14 0
1836 - 10,211 10 0 1874 - 18,941 13 8

1837 • - - 10,150 6 0 1875 - 21,634 4 4
1838 - 10,285 0

- 10,498 0

1876 - 19,930 18 4
1839 0 1877 - 21,126 14 0
1840 - 11,058 0

- 10,846 5

0 1878 - 21,187 1 0
1841 0 1879 - 21,697 14 0
1842 - 10,235 15 0 1880 - 22,518 8

- 19,579 11

7

1843 - 10,512 5

- 10,386 10
0 1881 5

1844 0 1882 - 19,221 11 7

1845 - 10,751 15 0 1883 - 17,773 3 0
1846 - 10,099 15 0 1884 - 19,655 14 5

1847 11,421 10 0 1885 - 20,417 0 2

1848 12,057 10 0 1886 - 22,542 2 8
1849 - 10,729 16 0 1887 - 22,143 16 7

1850 9,491 11 0 1888 - 19,655 0 0
1851 9,530 0 0 1889 - 17,731 2 0
1852 7,973 5 0 1890 - 17,819 10 0

1853 8,715 17 6 1891 - 17,237 6 8

1854 9,269 6

9,977 13

5 1892 - 19.018 0 0
1855 5 1893 - 21,762 14 3

1856 - 10,199 10 4 1894 19,578 7 5

1857 - 10,772 0 5 1895 - 17,090 15 4

1858 - 11,487 2 5 1896 - 17,180 17 9

1859 11,884 14 0 1897 - 17,869 3 4

1860 - 13,827 10 7 1898 - 21,047 18 2

1861 14,009 15 7 1899 22,482 3 0

1862 14,080 12 0 1900 - 22,548 13 0

1863 - 14,232 16 6 1901 - 22.558 12 0

1864 - 16,742 5

- 17,618 0

2 1902 - 22,663 12 0

1865 7

It was noted in last year's Keport that the Tay rental was higher

than it ever had been. The rental for 1902 is a slight advance on
even that high figure.

The net fishing of the Tay is now confined to the waters below

the Linn of Campsie, and the great majority of the fishing stations

are in the tenancy of the Tay Salmon Fisheries Company.
Rental of Dee In the District of the Aberdeenshire Dee also, the present rental

Fishin"s
highest cvcr attained. The Dee rental has steadily risen,

u mgb.
^^^^ action chiefiy of the Dee Salmon Fishing Improvement

Association, from the figure of £7030 in 1872 to the figure of

£19,455 in 1902. The Association referred to was formed for the

purpose of leasing the nets and removing them from the river in

order to allow of a greater number of salmon spawning naturally

This method was preferred to that of artificial propagation after a

careful consideration of the question in 1871, and the nets wer(

steadily removed from above downwards, commencing at the

highest netted point, viz., Banchory-Ternan.
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Mr. Caiderwood reports that during the past year he inspected ||ep<^^t^ of

the sahnon and sea trout tisheries of the Outer Hebrides (Harris saimon^'^
^

and Lewis), of Orkney and Shetland, and of Wick, Nairn, an^l Fisheries

Lossie Districts. The results of these inspections will l.)e found in

his Annual Report annexed.

Answers to the printed (jueries regarding the salmon fisheries of ijistrict

the various districts in which lioards exist will be found as^'^^"''^^'

formerly in Appendix 1. to Mr. Oalderwood's Eeport. Answers
have been received from the following Districts :—Forth, Tay,

South Esk, North Esk, Dee (Aberdeen), Don, Ythan, Ugie, Deveron,

Spey, Nairn, Ness, Conon, Alness, Kyle of Sutherland, Eastern and
Western Districts of Sutherland, Northern Districts of Sutherland,

Skye, Lochy, Ayr, Doon, Girvan, Stinchar, Cree, Dee (Solway),

Nith, Annan.
In connection with the serious pollution of the river Girvan and Girvan.

the destruction of salmon a special report was received from the

Inspector of Salmon Fisheries.

We have arranged for the publication of a Parliamentary Paper Parliamentary

on the important subject of Salmon Disease. This paper has been |Xion

"

prepared by Mr. J. Hume Patterson, the assistant Bacteriologist to Disease,

the City of Glasgow. In it is announced the discovery of the true

cause of the disease in the form of a bacillus which has been

termed Bacillus scdmoivis jjestis, and without the preliminary action

of which upon the tissues of the salmon, or other fresh water fish,

the well known fungus Saprolegnio. ferax does not develop.

Mr. Caiderwood has this year been able to prepare a series of Relative

charts which, without giving actual figures supplied to him by the ^^^^

kindness of the Aberdeen Harbour Commissioners, the late Dr. Fisheries.

Almond and Mr. Charles Turner, Dumfries, show the times of the

runs of fish in the respective districts and the relative abundance
of salmon, grilse, and sea trout. These charts and a brief report

on the results form Appendix II.

An examination of certain coast fisheries was made during the ^Veekly Close

the year for the purpose of ascertaining the extent to which the coTs^^Nets.

weekly close time was being observed. On the 28th and 29th
June three of the Board's Cruisers and H.M.S. "Jackal" simultan-

eously examined separate sections of coast. Mr. Caiderwood 's

Report will be found as Appendix III., and shows that of 340
fixed nets examined, 147 were at fault in having the nets in full

working order during close time.

The observations as to the growth and migratory habits of the Salmon

salmon have been continued by means of marking. During Nov- ^^^^^""g-

ember and January last, Mr. Caiderwood conducted netting

operations in the river Tay with the assistance of Mr. Johnston
and of the Tay Fishing Company, who most liberally helped the

observations by means of nets and boats. Fullv 25 ner cent. 3f the

fish marked since the pubhcation of the last report on ine suojecn

have been recaptured, including several grilse which had on
recapture reached the salmon stage. These operations are still to

be carried on, however, before the Inspector makes a second report.

Mr. Johnston, who has been associated with Mr. Caiderwood in the

Tay work, has, however, prepared a short paper, which is published
as Appendix IV., on the length of the unspawned salmon and grilse

marked in November, 1902.
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Late River-
third paper on Water Temperature in relation to Early

Temperature. Annual Migration of Salmon will be found as Appendix V. In
this paper Mr. Calderwood finally discards the theory that the

rivers which have early runs of fish are rivers of a relatively warm
temperature. He also deals with the peculiar conditions of the

Ness and Garry, Awe and Orchy, in which the upper tributary is

in each case the early river, and he gives curves of temperatures

taken daily during the winter of 1901-02 to illustrate the conditions

which were found to exist. He shows that in each case the upper
tributary is markedly colder than the main river flowing from its

large loch, and his conclusion is, not that these higher streams

have a special attraction for the early running fish, but rather that

owing to the high temperature of the lower waters the tendency of

the fish is to push their way rapidly upwards till they are checked
in their ascent by the cold temperature of the upper waters, and
so accumulate in the upper streams in question.

r^Tr^^nd^^
In Appendix VI. Mr. Calderwood gives another paper on the

Eariy^nd Late Temperature of the Eiver Tay and its Tributaries. In this, the
Tributaries, connection between comparatively high temperatures of tributaries

and the early entrance of fish is shown, while the converse is also

demonstrated by means of curves. In this way it is pointed out

that while the thermal conditions of a main river entering the sea

do not control the ascent of salmon from the sea to fresh water,

the thermal conditions of a large tributary seem to exercise a

considerable influence in drawing fish from the main river.

Rateable Tables giving Eateable Values of Salmon Fishery Districts,

cio^e^Times. Annual Close Times at present in force, and a List of the Chairmen
Chairmen and and Clcrks of District Fishery Boards, form Appendices VII., VIII.

^'S^lf and IX., respectively.

Boards. A District Fishery Board for the Eiver Lossie having recently

been formed, the names of the office-bearers are included for the

first time in Appendix IX.

We have the honour to be,

Your Lordship's most obedient servants,

ANGUS SUTHERLAND, Chairman.

D. CRAWFORD, Deputy-Chairman.

D'AECY W. THOMPSON.
J. EITCHIE WELCH.
W. E. DUGUID.
L. MILLOY.
D. MEAENS.

WM. C. EOBEETSON, Secretary.
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Mr. CALDERWOOD'S REPORT.

Fishery Board for Scotlaxd.

I HAVE the honour to submit, to the Fishery Board for Scotland, my
Annual Report concerning inspections made during the year 1902.

The inspections were made in the Outer Hebrides, the islands of

Orkney and of Shetland, and in the Districts of the Rivers Wick, Nairn,

and Lossie.

Special inspections conducted for the purpose of ascertaining the extent

to which the weekly Close Time is observed by tacksmen and others

on the coast of Scotland are referred to separately in Appendix III,

Nairn.

On 24th September I inspected the river Nairn from Daviot to the sea,

giving special attention to the causes which obstruct or hinder the ascent

of salmon. Uuder the heading of Obstructions I desire to refer to the

weirs of the river, which are seven in number, and to the pollution by
domestic sewage, more especially the sewage of the town of Nairn.

There is no natural obstruction or waterfall in the course of the river,

but it may be here stated that, the river being a comparatively small one,

there are times when the natural water-flow is insufficient to allow of the

free entrance of either salmon or sea trout.

I shall refer to the weirs in the order in which I visited them, as

follows :

—

Colchunaig Weir^ the property of the CuUoden Trustees. This is a

low, irregular structure of boulders and large stones. By means of it,

water is supplied to a small meal mill on the left bank. Owing to the

loose construction of the dam dyke much water which should pass over

the sill finds its way through the substance of the weir, a condition

which is the more unfortunate since no fish-pass or even statutory gap is

present, yet the structure being only about two feet in height does not,

in my opinion, oflTer any very serious obstruction to ascending fish under
conditions of water-level in which fish may be expected to "run." If the

weir were made watertight and a gap six inches in depth constructed in

the properly adjusted sill, together with a channel in the down-stream
face, as provided by Schedule G of the Salmon Fisheries (Scotland) Act,

1868, the existing lade to the mill would not, I think, be deprived of any
water which it now receives. When the river is low, as at the time of my
visit, there are three separate channels in the river below the weir. The
central channel is the most important, and into it the concentrated stream
through a gap and salmon ladder should be directed.

The lade is unprovided with sluices or hecks, and with the repair of the

weir those should be adjusted. There are also two bye-washes through
which a constant stream of wasted water seems to be permitted to flow

;

one is situated just below the intake of the lade, the other just above
the mill wheel. Those, and the trap with under-wash which exists in the
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shoot to the wheel, appear to bo provisions against flooding, which would
be unnecessary if the lade were properly sluiced. In this way much
water would be saved to the fish-pass in the weir.

Kinrea Weir, T3alcross, the property of The Mackintosh. This is

again a low, irregular structure about two feet in height, supplying water

to a small meal mill on the left bank. The statement made wifch reference

to Colchunaig Weir is applicable in every particular to this weir and lade.

A gap and pass in the centre of the weir should be provided, and an

upper and lower heck placed on the lade. Like the Colchunaig Weir,
however, it is even noAV not a serious obstruction.

Cantray Weir, the property of Major Davidson of Cantray. This is

a more important structure than either of those mentioned. It is in good
repair, of an average height of about three feet—the sill sloping to a

lower level at the left bank—with a down stream face of about nine and
a half feet, and a well-formed apron extending some distance on the bed
of the stream below. Even in low conditions of water a good stream

descends close to the left bank, which being, as already stated, lower than

the rest of the sill, provides the requirement of the gap. At this point,

therefore, a slight arrangement of the down-stream face would provide a

suitable pass for ascending fish. The lade is carried off from the opposite

or right bank. It is properly sluiced, and has also a suitable heck. For

the supply of a saw mill and a farm mill which stand together, but with

separate wheels, the lade bifurcates. Unfortunately, however, after the

confluence of the divisions, the water of the lade reaches the river below

another weir, to be next mentioned, thus depriving that weir of the

water of two lades instead of one. In defence of this condition I was

shown a letter from an engineer, who had been employed to take levels,

reporting that the level of the lade below the wheels did not permit of the

return of the water above the next weir. The outflow of the lade at

present allows the water to fall down two and a half to three feet into the

bed of the Nairn at this point. It is provided with a wooden heck,

which, while being suitable as regards the spacing of the bars, is set with

its foot, or lower margin, swinging loosely in a down-stream direction.

An evident objection to this is that the heck can be easily raised and

propped up so as to be useless for the purpose for which it is intended.

The foot of the heck should, in my opinion, be fixed in a rigid position,

and the top or upper margin made to hang over if it is found necessary to

clear the heck of leaves, &c., but an upright fixed heck would, in all

probability, be sufficient in this case.

Holme Rose Weir, the property of H. F. Rose, Esq. of Holme Rose.

This structure is in good repair, has a height of about three feet, and a

gradient of about one in three. There is no gap or fish-pass, nor is the

sill lowered towards one bank as in the Cantray Weir. It is, in my
opinion, a distinct obstacle to the ascent of fish, and, since it is deprived

of an extra amount of water, is an obstruction which should certainly be

provided with as good a fish-pass as possible. The natural lead up of the

channel below indicates that the gap to supply the pass should be situated

about twenty yards from the right bank, or that the entrance to the pass,

for fish coming up the river, should be about this point.

The lade is carried off" from the left bank to a farm mill at some little

distance. The intake to the lade is sluiced, but is unprovided with

a heck. The tail race has a fixed wooden heck, but the spacing between

the bars is too great, being from two and a half to three and a half

inches.

Budgate Weir, at Kilravock, the property of the Earl of Cawdor.

This is formed of boulders and large stones below a wooden sill having a

slight angle across the stream. There is no apron, and the river has
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opened up a considerable pool below the weir in consequence. There is

no gap or fish-pass, and the height of the obstacle is about three feet, with

a gradient estimated as about one in three, but the pool below gives a

better " take off" to ascending fish than is seen at any of the other weirs.

The appearance of the stones below the pool suggests that at one time

there has been an apron. The present pool is, however, an advantage, so

far as ascending fish are concerned. The gap and fish-pass should, in my
opinion, be to the left of the middle of the sill at the slight angle already

referred to. The lade is carried off from the right bank, the water going

to a farm mill. There is a suitable heck of horizontal bars. At the tail

race there is also a heck which conforms to the requirements of the statute.

Unfortunately, as in the case of the Cantray lade, the water is not

discharged above the next weir. I received no explanation of this

circumstance, and, if the levels permit, considerable advantage to the

river would result if the tail race could be brought in above the next

weir.

Nairn Side Weir, below Whitebridge, the property of Major Rose of

Kilravock, is, in my opinion, an obstruction as serious as Holme Eose
Weir. The river is comparatively shallow below; the weir is three feet

high, with a down-stream face of ten to ten and a half feet, and an apron

of seven and a half feet. There is no fish-pass. As in the case of the

Holme Rose Dam, the present river channel seems to me to indicate that

the entrance to the pass should be twenty yards from the right bank
(measuring from where a small tree now stands). The lade is carried off

from the left bank to a farm mill, and owing to the flat nature of the

surrounding country, is of great length. It is sluiced and provided with

both an upper and lower heck, but in wading round about the intake I

found that there was considerable cavity scoured out 'below the heck.

Kelts dropping down the river after spawning are very apt to pass tail

foremost through such low openings.

Miltoun of Kilravock Weir, the property of the Major Rose of

Kilravock, while being the lowest down weir, has also the longest length

of sill. It is a somewhat irregular structure slanting from the left bank,

where the intake to the lade is situated, in an up-stream direction. There
are two alder-clad islands below, so that the water passing over the sill is

formed into three separate channels. The island towards the right,

looking down-stream, is the larger of the two, being 130-150 yards long;

and the streams round the smaller island having united before the lower

end of the large island is reached, it follows that the channel between the

two islands has the most attractive lead-up for ascending fish. At the

top of this central stream the weir is only slightly more than two feet in

vertical height, the down-stream face being five and a half feet long. At
this point, also, the apron is wanting, while a short distance towards the

left bank a portion of apron comes to an abrupt point. It occurred

to me that, given a gap in the unaproned part, a pool might easily and
with great advantage be formed by running a small subsidiary dam across

from the point of apron to the island bank, thus flushing the sloping face

of the weir and giving an easy ascent to fish at a point some sixty-three

or sixty-four yards along the sill from the left bank. The lade to the meal
mill is suitably supplied with hecks.

On completing my examination of the weirs and lades I drove into the
town of Nairn in order to view the Sewage Farm of the burgh. This is

situated to the east or opposite side of the river from the town. A small
amount of sewage enters the river direct, near the railway bridge. This,

however, does not appear to me to materially affect the water. The main
sewer of the town—which conveys domestic sewage alone, there being no
manufactories—is taken across the river, the pipe being utilised as a foot-
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bridge. It is then carried in a direction parallel to the river, and
branches are given off to the land beyond, while the eastward limit of the

area so treated has a canal running around it for the purpose of conveying

the purified effluent, and any flood water which may at times be present,

to the river again. The area of the farm is manifestly too small for the

amount of sewage to be treated, and although I saw hay and and turnips

growing luxuriantly on part, it was also evident that much of the ground
was " sewage sick," and there was no suitable provision, owing to the

smallness of the area, for the proper alternating of the sewage delivery so

as to rest sections of the ground. As a natural corollary, therefore, the

canal is found in a particularly foul state, and the effluent to the river

giving off a fluid which cannot but be harmful as a deterrent to the

entrance of salmonidje. To reduce this it is now proposed to carry the

effluent in a pipe through waste land to the east of the sewage farm
and to discharge it into the sea.

Viewing the river Nairn, therefore, in the interests of salmon fisheries,

we find that fish, on leaving the sea for the river, have at present first to pass

through a short belt of polluted water, and thpn to attempt the ascent of

seven weirs, none of which has a salmon-pass, and two of which— viz.,

Nairn Side Weir and Holme Eose Weir—are distinctly serious obstruc-

tions. It is needless to say, therefore, that the distribution of fish is far

short of what it should be. The pollution at the mouth is, I have no
doubt, considerably modified during each influx of tide, the effect of the

sea water being felt to a point well above the effluent from the sewage
farm. The pollution, serious in itself, is therefore at a minimum at the

time when fish most commonly leave the sea for the river. The weirs, in

the same way, are less serious as obstructions when a flood is present in

the river. But since floods occur only at long intervals, and since the

two weirs I have specially mentioned are quite impassable except under

most favourable conditions, it follows, I think, that these latter must be

regarded as the factors most prejudicial to the interests of the salmon

fisheries. I was particularly struck with the fact that the bed of the

river Nairn is, throughout almost its whole course, eminently suited for

spawning purposes. But the maintenance of a proper stock of fish cannot

be secured in any river unless a proper distribution of spawners is

possible, and since no net fishing is carried on in the river itself a very

large proportion of every run of fish should in this instance be able to

pass up the river if suitable provision existed to enable fish to overcome

the weirs. Were suitable fish-passes provided, needless escape of water

prevented, and the pollutions of the river mouth abolished, this beautiful

little river would not only become of very much greater importance as a

breeding ground for salmon and sea trout—thus serving the general

interests of the fisheries along a line for which it is peculiarly fitted—but

would, in a few years, exhibit in all probability a material rise in sporting

value.

South Harris.

Like the other islands of the Outer Hebrides, Harris, with its

innumerable small lochs and streams, has long been known as an angling

resort. Yet, owing largely to the fact that the east side of South Harris

is inaccessible for any wheeled conveyance, and that no place of residence

other than crofters' and cottars' homes exists between Tarbert and Rodel,

at the opposite ends of the island, much of the water has never been

fished except on rare occasions. The streams of the west side are fished

by the tenant of the deer forest, but the Obe section of the estate at the

south end of the island holds without doubt the greatest number of sea

trout and salmon, and is perhaps likely to remain the best.
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By an arrangement at present being carried out in the interests of the

estate, the east side of the island is now being opened up by the making
of a driving road, and the building of at least one house for the residence

of anglers. Since this part of the island has never been reported upon, T

took occasion during the first week of July to inspect the whole of it ; and

I also visited Obe, and the streams of the west side. Having learned

that Mr. Gifford of Messrs. Mackenzie & Black, agents for the proprietor,

Lord Dunmore, also intended visiting the island, I arranged that my
inspection should occur at the same time, and I desire to express here my
thanks to Mr. Gifford and to the two factors of the estate for much kind-

ness in facilitating ray inspections. But for those gentlemen it would
have been impossible for me to have seen as much as I did. The number
of crofters on the east side is surprising, and the congestion is now being

relieved by the creation of settlements on the islands of Berneray and
Taransay, and at IS'orthtown on the west side. On viewing the many
rocky inlets and streams in the neighbourhood of the old crofter

clachans it is evident that sea trout fishing has been carried on by the

crofters for a long period. The old Highland custom of building yairs or

carries has been adapted for the capture of salmonidae in the narrow estuaries.

In the unfrequented eastern part of the island the practice has never been
interfered with. The sea trout are very numerous and are taken

apparently for purposes of immediate food supply rather than for

purposes of sale. One or it may be two low walls of loose stone are built

directly across the upper end of a creek into which a stream flows. As
the tide rises these walls are covered, and the shoals of sea trout ascend

towards the fresh water. When the tide begins to ebb a pool is formed,

but owing to the open nature of the stone barriers the water still

percolates away, while the fish are retained. The floor of the pool or

pools is at length left dry, and the fish are gathered. In one or two
instances where a constriction of a creek occurs at a convenient spot, and
where a rough dyke would not easily withstand the strength of the

current which is naturally created, large rocks resembling huge stepping-

stones are arranged— these, indeed, form convenient crossing places and are

largely so used. This form of obstruction may be regarded as a primitive

cruive, and by means of a small net is no doubt made to serve the purpose

of a cruive.

Of the many lochs and streams visited I propose here to refer ])rinci-

pally to those which with some modification of outlet might, in my
opinion, be rendered of greater value.

Loch-na-Cro.—There are five lochs in a chain of which Loch-na-Cro is

the chief. The outlet falls into the sea at Loch Seadabay. At the point

where the stream reaches the sea in a narrow creek, there is a fall which
I estimated as between 9 and 10 feet in height. There are only two
more formidable falls in South Harris. The tide flows up to the foot of

the fall so that sea trout can, when the tide is high, swim directly under
the fall. There is, however, not sufiicient " take off " for any but the

strongest fish to accomplish the leap over the lowest and most perpen-

dicular portion. To secure a better take off, it seems necessary that a

dam dyke about three feet high be thrown across the narrow gorge at a

point where the length of the dam would be about 15 feet. This dam
dyke might have in it a U-shaped gap about a foot deep for the purpose
of concentrating the waterflow and giving fish a suitable entrance to the
pool which would thus be formed, the level of which would to some
extent flush, and therefore reduce the height of, the fall. The centre of

the fall has at present a number of loose blocks of stone jammed upon it

which should be removed. The highest portion or sloping crest of the

fall might then with advantage be blasted off, and the bed rock deepened
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at tlie right side so as to take advantage of a pocket or diverticulum

wliicli already occurs to a slight extent in the sheer rock to the right. It

might also be found to be an advantage to deepen the channel for ten or

twelve feet above the present crest of the fall.

ZocJi Plocrapool.—This is a fine sheet of water about 150 yards distant

from the sea. The stream coming from the loch offers no serious

obstruction to the ascent of fish, but was till recently much choked up
with loose rocks. It enters the sea by a winding creek near the mouth
of East Loch Tarbert on the south side. The loch is reported to have
been famous at one time for its sea trout of good size. A small neigh-

bouring tarn, called Loch Graunda, is said to be infested with otters, and
these creatures having exhausted the brown trout of Loch Graunda are said

to be now the chief cause of the decline of Loch Plocrapool. The clearing

of the stream and the destruction of the otters offer no great difficulty,

and if no other more human cause for the scarcity of fish exists, sport for

three or four rods is here most promising.

Horsadett River.—On tlie mainland this would probably be described

as a large burn, but I understand that in times of flood the volume of

water is very considerable. It is certainly one of the most important

streams of the east side, draining as it does the steep land towards the

centre of the island and having in its course Loch Arran-Mora and Loch
Namadale. It flows into the sea at Meavaig on East Loch Tarbert.

There are, unfortunately, two falls on the stream, the upper of which is

quite impassable, being the most formidable fall but one which I saw in

South Harris, At the mouth of the stream is an old and now disused

mill, water for which was drawn from above the lower of the two falls,

upon the crest of which a few courses of stones had been arranged. This

lower fall does not offer very great difficulties of modification for the pur-

pose of allowing fish to ascend, but to overcome the upper fall an expensive

undertaking would certainly be necessary. . To obviate the necessity of

dealing with these falls, it is proposed to entirely divert the course of the

stream by cutting a new channel for it, and by making the stream pass

through two small lochs which lie to the south of the present channel,

describe an extended loop, till it is brought back again into the present

mouth. At the same time, by certain small operations of damming and

regulating the head waters, artificial floods may be sent down at will, so

as to induce runs of fish, after the manner so successfully carried out in

the Lews. If these operations are suitably carried out I should

anticipate that Horsaclett will become the most important stream and

loch chain on the east side of the island.

Loch-a-Ghnoic-M]iaoi)\ with Lochs Grumra-beag and Grumra mor,

form another system which joins the sea at Stockitiish, where there is

now a postal-telegraph office. The sea trout fishing here is said to be

very good in spite of the fact that there are two dam dykes built across

the creek into which the stream flows. The bed of this creek between

the dykes ebbs dry and is of firm sand. The tide being out at the

time of my visit, I had an opportunity of examining the structures.

A considerable crofting population exists at Obbe-Ardvey and on

each side of Loch Stockinish. Fish do not ascend to the fresh water

lochs till autumn, and the stream, judging by its appearance and small

waterflow, can only be entered in times of flood. In the event of the

sporting rights being taken advantage of, a little judicious watching

during times of flood would probably be sufficient to secure good runs of

fish to the lochs above.

Loch Flodahay, a sea water loch south of Stockinish, and about the

centre of the district locally termed The Bays, has also two well-defined

dykes. I was informed that the upper of the two dykes was constructed
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for the purpose of keeping back cattle. This may be the case, but I have

no doulDt it serves another purpose equally well. The stream, which

enters at Manish, and the creek are of larger extent than is the case at

Stockinish. The lower of the two barriers is at a natural construction of

the creek. It is formed of rock masonry in the form of a short pier from

each side and a central pier, there being two complete apertures in the

dyke. I estimated the height of the structure as from six to nine feet.

The apertures are neatly formed, extend from top to bottom, and are a

foot and a half wide. They can therefore be easily stepped across, and it

is clear the structure is constantly used as a crossing place. Manish

Church is on the north side of the creek close to the dyke. The tide runs

through the apertures with great force. The distance from dyke to dyke
is about 80 yards, and the creek widens out so as to contain a large

amount of water. A watcher is already stationed here to prevent netting.

Further south we come to the system of streams falling into Loch
Finsbay, the first of which is the Hulmasaig, flowing out of Loch

Huamavat, and a chain of other lochs, all of which, except Loch
Eogravat, contain sea trout in the autumn. At the mouth of this stream

is an island, and in either channel a small dyke exists. These structures

are again used as crossing places, but are nevertheless obstructions to the

ascent of fish. Since, however, they are exclusively in fresh water, suit-

able gaps would probably secure adequate passage.

Amliuinn-na-Ciste—This is a narrow kyle in the upper end of Loch
Finsbay, having a strong current of sea water at both ebb and flood tides.

There is a ferry across it. In this kyle in 1890 Lord Cardross, fishing

with ordinary sea trout flies, caught 90 fish in a few hours. The stream

flowing into the head of the channel drains a chain of six lochs, but these

have unfortunately become so overgrown with weeds as to render angling

almost impossible. The stream has a fall upon it which I was unable to

visit, but which I understand is not very formidable.

The other sea trout lochs of the east side of South Harris and the very

numerous brown trout lochs need not be specially mentioned here.

Ohe.—At this famous fishing the principal features are a large fresh

water loch close to a large salt water channel. The sheet of fresh water

is called Loch Steisevat, and in attempting to improve or control the

fishing the outlet of this loch has been altered more than once, artificial

channels to the salt water, which were sluiced, having been formed.

These are now, however, closed up, and a natural run of water passes out

of the loch at its south-eastern extremity into what is termed the Mill

Pool, and from this to the large salt water channel. The Mill Pool is a

shallow basin in which at ordinary tides the water rises about eighteen

inches. Spring tides freely fill it, and neap tides do not reach it. Con-
siderable sport is obtained here in March and April. The Rodel keeper

informs me that the great majority of the fish then caught are finnock or

herling, but that amongst them are sea trout of 2, 3, 4, and even

up to 8 lbs. Between 600 and 700 fish, I am told, may be expected here

in spring.

The salt water channel lower down yields the chief fishing of summer
and autumn. I am informed that 1000 to 1200 sea trout and about 70
salmon are expected each season at Obe. The salmon are mostly small,

not exceeding 9 or 10 lbs., and the majority are believed by the keeper to

be grilse. A point of interest is this, that fish do not take the fly freely

in the salt water when much fresh water is coming down from Loch
Steisevat, and at such times fishing is principally carried on in the fresh

water loch. A weedy channel about three-quarters of a mile long con-

nects Loch Steisevat with another loch of considerable size called Loch-
na-Morach, and as the season advances this latter loch is said also to yield

capital sport.
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The stream which enters Loch-iia-Morach descends from Loch
Langavat, the largest loch in Harris (about 2| miles long), but the

mouth of this stream, which I visited, has in the past been closed from
August till the end of the fishing season by a heck of iron rods inserted

through a large wooden beam spanning the river. The purpose of this

is to prevent fish ascending beyond this point. The principal spawning
area is in this stream from Loch Langavat, the fish gaining access to it

and the smaller head waters by the removal of the heck (or part of it) at

the end of the fishing season.

The only other river of South Harris to which I desire to refer is the

Laxdale.—This stream drains a chain of four lochs near the track of

the road which crosses over to the west side of the island, to reach

Rodel by Borve and Obe—the one road of South Harris which exists as

yet. The Laxdale has a remarkable estuary, about two miles in length,

of flat hard sand left bare at low tide. Over this the stream winds with,

evidently, a somewhat variable course, but trending more and more, as it

proceeds, to the northern or right side, till it emerges by a deep channel

at Luskintyre opposite the island of Taransay. At the head of the

estuary, where a small fall exists, a broad and substantial retaining

wall has been erected so as to form a small loch or large pool above. This

is reported to fish well from July onwards. A tidal pool just below the

barrier—round which fish can ascend without difiiculty—also yields good
sport. At the time of my visit, 5th July, a few fish had already ascended

to the tidal pool, but, as is the case with other late streams of the district,

runs of fish from this date onwards occur only when floods, or partial

floods, enable the fish to leave the sea.

Before driving from Tarbert to Stornoway, a distance of 36 miles, I

visited the remarkable works in North Harris which were undertaken in

1885 for the purpose of enabling salmon and sea trout to ascend by the

Ballin-a-ciste to Loch-na-Morcha. The loch is about a mile from the sea,

but is 469 feet above sea level. I do not think that there exists anywhere
in Scotland so long and so high a fish pass. A great amount of labour

and money must have been spent upon the works. The loch was dammed
and sluiced, the stream was in part diverted, in part formed into pools by
a long series of zig-zag walls, enclosures, and channels, somewhat after

the manner of the pass on the Carnack, a tributary of the Fleet in East

Sutherland. I understand that after its completion the pass was described

as a complete success. Those in the district seem now to agree that it is

a complete failure. It was clear at the time of my visit that the stream

had long since been allowed to find or make its own way down the steep

glen. Embankments had burst, artificial channels were waterless, and
pools were filled with silt. Indeed, several quite impassable falls are now
in existence.

I was unable to visit the famous Loch Scourst, or the stream called

Amhuinnsuidhe (Avonsui), which at Fincastle descends from a chain of

lochs in the centre of North Harris forest, but I was informed by Mr.

Sinclair, factor to Sir Samuel Scott of North Harris, that the pass in the

latter is very successful. It is of comparatively easy gradient, though of

considerable extent, and is blasted out of the solid rock. Sea trout fishing

in the lochs above is reported to be constantly reliable in summer.

Lewis

Netting.—In the Fourth Annual Report Mr. Archibald Young mentions

the netting stations of the Lews as :

—

1. Barvas Bay on the west side, a bag net station, and the chief

netting centre.
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2. Loch Carloway, at the north entrance to Loch Roag, a single bag

net station.

3. South of Stornoway Harbour, a sweep net station.

4. Loch Resort, on the north side, a sweep net station.

I ascertained that the netting just south of Stornow^ay Harbour has

been discontinued, and on visiting Loch Carloway I found that the bag

net was set, and had for many years been set, about a mile inside of the

estuary line which, drawn across the mouth of Loch Roag, is common to

the Carloway, the G-rimersta, and the Blackwater. I have to report that

on making this discovery I drew the attention of the Chamberlain of the

Lews to the matter.

The other nets are hshed as formerly.

The rivers and streams of The Long Island were fully described in the

Fourth Annual Report. It is therefore unnecessary for me to do more than

mention any points of interest or changed conditions which attracted my
special attention.

The Grimersta.—This famous little river, with its chain of four

lochs below the large Loch Langavat, seems to maintain its high standard.

Since 1900 it has been in the hands of a new tenant—Mr. Pople—who
fishes it very much on the lines which have proved so successful in the

past. The system of partially holding up the waters of the upper lochs,

and of, at suitable times, creating artificial floods, is still practised both

here and on the Blackwater, where the plan was first adopted by the

author of Twenty Years' Reminiscences of the Lews—the genuine sports-

man and charming writer " Sixty-one."

The Chamberlain of the Lews, Mr. Orrock, has been kind enough to

supply me with a statement showing in quinquennial averages the product

of the Grimersta rod fishing from 1871 to 1900 inclusive It is as

follows :

—

Salmon. Sea Trout.

1871-75 695 1,239
1876-80 547 755
1881-85 661 873
1886-90 - 1,074 1,433
1891-95 695 1,174
1896-1900 - 659 1,342

The largest number of salmon caught in one day by one rod is 54.

This occurred in 1888. All the fish were taken in the first loch after an
artificial flood had allowed a very large number of fish to rush up the

river from " The Bay" where, owing to dry weather, they had accumulated
in extraordinary numbers. The largest single day's catch in 1901 (four

rods on 13th July) was 44 fish.

As mentioned in the case of Obe in South Harris a spring run of sea

trout occurs also in the Grimersta.

Laxay.—This stream which flows into Loch Erisort, on the east side
of the island, has also an early run. The earliest date on which a salmon
(12 lbs.) has been captured is, I am informed, 5th March. Like the
Grimersta it is supplied from several lochs, and is therefore less liable to

rapid fluctuations of waterflow, and runs longer at a high level than
many of the other streams. The old sluice at the final outflow from
Loch Trealaval is now, however, disused.

The familiar Salmon Disease accompanied by the fungoid growth of

Saprolegnia ferax is unknown in the Outer Hebrides, but considerable
destruction occurs at times from another cause which, so far as I am
aware, is confined almost exclusively to this neighbourhood. I refer to
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what is locally termed " The White Spot." From careful enquiries

concerDing this disease I was satisfied tliat it occurs only in the sea or

estuaries of streams after long-continued dry weather, when ascent to the

fresh water is impossible. It would appear also that after ascent becomes

possible consequent upon a rise of water level in the streams, the disease

disappears. During the hot summer of 1901 large numbers of fish seem
to have died from this disorder. I Avas informed of the numbers which
floated up on the shore near Grimersta Lodge, of sea trout swimming,
apparently blindly, about the shallows of Stornoway Harbour, when they

were killed by boys, and of numbers being noticed at the mouth of the

Creed, Laxay. and elsewhere. The first marked appearance of this

disorder is a white spot on the crown of the head, hence the name. Capt.

J. T. JSTewall, who was tenant of Scaliscro, and relates his sporting

experiences of the Lews in a book entitled Scottish Moors and Indian
Jungles, refers to this disease (p. 141) as follows:—" The summer in the

Lews in 1880 was remarkable for the unusual heat. Salmon, in conse-

quence, could not ascend the rivers, which became so attenuated as to

afford no waterway for them. Fresh water being equally necessary as sea

for the health of the fish at the proper season, they suffered in consequence.

Many became quite blind, and developed a white spot on the head, the

result being the death of numbers near the mouths of the rivers." I

consider it extremely improbable that, as is suggested in the quotation, the

cause of the disorder is the lack of fresh water. The blindness, the bright

sunshine of hot weather, the extreme translucence of the sea water round

these islands, the shallowness of the estuaries, seem to me to indicate a

different cause. One is reminded of the pale skinned, sightless condition

observed in certain sea fish after prolonged confinement in tanks of

aquaria open to the direct action of the sun.

Mr. H. L. Hansard, in describing in the pages of The Field (Nov. 8,

1902) the wonderful record for a week's fishing enjoyed by himself, Mr.

JSTaylor, and Mr. Probyn (1888), in which 333 salmon and 71 sea trout

were killed, refers incidentally to large white patches on the sides and

heads of the fish w^hich sickened in the Bay, during that very dry

summer, previous to the artificial rise of water in the Grimersta which

enabled the fish to leave the sea on 22nd August of that year.

Orkney.

Hoy>—Certain works have been carried out on this island for the

benefit of the sea trout fisheries. These I visited. At Ore Burn the

mouth of the channel has been defined so that the water of the stream is

now no longer allowed to find its way into the sea by several insignificant

runlets, but by one channel holding all the available water. This has

been accomplished by the building of the banks, in certain properly

chosen places, while allowing for the entrance of land drainage water.

The result is a distinct improvement as affording greater facilities, by

concentrated waterflow, for the ascent of fish.

The Mill Burn at Kisa has been treated in the same way, a bye wash

from Eisa Mill being also defined by masonry so as to prevent any under-

mining of the main channel walls. About half a mile up the course of

this burn is the remnant of the old dam dyke for the mill. From the

appearance of the remains it is evident that a loch of small size previously

existed here. Mr. Middlemore, the proprietor of the island, proposes, I

understand, to construct a new and much more extensive dam on the old

site so as to create a fishing loch of considerable size. If this were done,

and a suitable fish-pass provided, it would at the same time be

possible to resort to the plan so successfully carried on in the Outer
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Hebrides, of sending down artificial floods at suitable times so as to

induce waiting fish to leave the sea for the fresh water. Mill Bay, into

which the burn flows, is reported to be much frequented by sea trout. I

certainly noticed a most unusual number of seals swimming shorewards

and disporting themselves as if chasing fish as the tide rose, a sign that in

all probability sea trout are usually to be found here in numbers.

Pegel Burn, further west, has a more rocky bed than the others

mentioned. The flow of water at the mouth has again been wisely

concentrated. We have here, however, a rather serious natural obstruc-

tion in the form of two waterfalls close together, about half a mile up
stream, near where a bridge is, I believe, to be constructed as part of a

new road traversing the island. The lower fall I estimated as about five

feet in height, the upper fall seven feet. Both were, at the time of my
visit, practically impassable to ascending fish. I took careful notes on
the formation of each fall and subsequently had an opportunity of

suggesting to the proprietor and his ground officer the most convenient

way, in my opinion, of enabling fish to overcome them. My suggestions

have since, I understand, been carried out.

Fish do not ascend the streams of Hoy till late in the season, but

successful angling may be practised in the salt water, more especially in

the bays into which the streams flow. In Hoy the angler is granted the

fullest freedom, the usual application for leave being sufficient to obtain the

privilege, but the proprietor expects each angler to supply him with a

return of the fish caught. It may, I think, be fairly anticipated that the

improvements carried out in the streams, and the protection against

improper methods of fishing, will presently secure to the island a consider-

ably increased stock of sea trout.

Lochs Stmness and Harray.—I referred to these famous lochs in the

Nineteenth Annual Report, as well as to the difficulties which beset the

formation in Orkney of a district Fishery Board. No change has, in the

interval, manifested itself, although an important special reference to the

district is to be found in the Report of the Royal Commission on Salmon
Fisheries.

There are ten or eleven people, six of whom are proprietors of land

touching the shores of one or other loch, who systematically carry on
the fishing which has been the means of so much destruction in the past,

and which so long as it continues will effectually prevent their resuscita-

tion.

During my visit of 1902 I went all round these lochs, and by means of a

boat had an opportunity of examining some of the nets then in use in Loch
Harray. I did not see otters or set lines in use, although I am aware that

these have been freely used in the past. The nets set at the time of my visit

were simple trammels of very fine material, corked on the head line, leaded

on the ground rope, and moored by means of large stones. The length of

the net was commonly about 60 to 70 yards. The meshes measured, by
me, from knot to knot (square mesh) varied from 1^ inch to 1

J inch. The
nets were set either at right angles to the shore, or along shallows and
and other suitable places at a distance from the shore. The fishing for

the market is carried on from about 1st March till about 11th or 12th

September. The netting seems to be practised more in Loch Harray
than in Loch Stenness, one or two succesful prosecutions having been

secured against those fishing in the latter.

Shetland.

A very considerable amount of netting is also practised in Shetland.

So far as I have been able to learn, this netting is not carried on in fresh
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water lochs, but at tba head of voes and bays where streams enter, and in

the streams themselves. The chief engine for the capture of sea trout

in the voes and hays seems to be the sweep net, but simple trammel nets

are also fixed at right angles to the shore in narrow inlets to

intercept and mesh the fish. I was able to examine a few of the sweep

nets which I found drying near suitable fishing grounds. Accurate

measurement of the dimensions of the nets was not possible, but I estimated

the length as 40 to 50 yards, and the depth at eight feet. The mesh of

these nets was however, readily ascertained, and was noticeably small. A
number of measurements showed the mesh to be one inch, occasionally rather

less. The material of which the net's were made was stout cord. Short

sweep nets of this strong make should prove most deadly engines at the

mouths of the small Shetland streams, while in the broader estuaries, by
the joining of two or three nets together, their action will be equally

effective. For the purpose of fishing the streams—surreptitiously

—I was credibly informed that, where conditions allowed, small sweep

nets of 15 to 20 feet are sometimes employed, but that more frequently a

kind of Shove Net and the Havey or Heavie are used. These are worked
late in the year, for the most part, perhaps, out of season, in the small

streams up which fish run in order to spawn. Their influence therefore

cannot fail to be most injurious. The Shove Net is worked by two men,

one on each side of the stream. Each is armed with a pole about 12 feet

long, and from pole to pole a net is stretched. The net has not much bag

in it and is usually about 15 feet across the top and about 12 feet across the

foot at the lower extremities of the poles. In depth the net is about seven

feet, so that five feet of bare pole is left for each man to use as a handle.

Before using this engine a piece of wire netting or other obstruction is

usually stretched across the stream above the selected scene of operations.

The men using the net commence, it may be, about half a mile below

this obstruction and work upwards, searching the pools as they go. By
rolling the net up on the poles it is readily adapted to narrow channels

and small pools. The fish are gradually driven upwards, and at

intervals, if necessary, a netful is thrown out upon one or other

bank. On reaching the wire netting the remainder of the fish are

enclosed and lifted from the stream. The Havey is worked as a rule

by ojie man, M'ho walks up the channel of the stream. It is also

supported on stakes, though necessarily of a smaller and lighter sort. In
this case the net has a long bag which streams downwards between the

man's legs. At other times it is set in the stream between large stones or

other supports, and the fish in the pools are then driven down to it.

As angling becomes more and more valuable, so methods of fishing as

described will have to be more and more rigidly suppressed. It appears,

however, that either from indifference, or from disinclination to interfere,

much poaching of a most harmful kind has been permitted in the past.

Previous to my visit I had received numerous communications from

various parts of the islands complaining of the destruction of sea trout by
illegal means, and of the absence of any authority to put down the evil.

A case was, however, contested while I was in the district, which has

done much to clear up the relative positions of those who fish in the

islands and the rights which they may possess or the privileges they may
enjoy. A complaint was made at the instance of the Marquess of Zetland

and Mr. R. C. Haldane of North Roe against Laurence Johnston for

fishing with a sweep net and boat at Burra Voe, North Roe. The charge

was made as a contravention of the Act 9° George IV., cap. 39, and the

Act T"* and 8'* Victoria, cap. 95, and in particular Section
J
1 of the latter

Act, in which persons not having a legal Right or Permission^ are pro-

hibited from fishing for salmon within one mile of the shore. The



of the Fishery Board for Scotland. 15

complaint was made with the concurrence of the Procurator-Fiscal of

Zetland. The act of fishing for sea trout was not denied, but the respondent

argued that a question of civil right was involved and that the titles of

the pursuers were defective.

Sheriff Moffatt, in giving judgment in favour of the Marquess of Zetland

as proprietor and Mr Haldane as tenant, set aside any plea for a public

right of salmon fishing in Shetland, holding that in this respect Shetland

in no way differed from the mainland of Scotland, and that no argument
based on Udal tenure entered into tlie case. He further showed that the

complainers produced, by the Marquess of Zetland, a Crown Writ of

Clare Constat^ which states that his ancestor died vest and seised in all and
whole the Earldom of Orkney and Lordship of Zetland, &c., &c., with
" fishings as well of salmon as of other fish in fresh and salt water "

; and
that Mr. Haldane as tenant showed a lease of the fishings from the

Marquess of Zetland so far as the Marquess has right thereto ex adverso

of the lands of North Roe. Further, the Sheriff showed that no competing
legal right w^as put forward by the respondent.

It seems to me to follow from this case that those in Shetland who are

desirous of protecting and regulating the sea trout fisheries, which are

undoubtedly for the most part in the ownership of the Marquess of Zetland,

might now be well advised in uniting, if not as a District Fishery Board,

as an association of anglers or fishery tenants with this end in view. The
Close Time for Nets in Shetland is at present from September 10 to

February 24, and for Rod-fishing from November 16 to January 31

inclusive.

Wick.

In connection with a remit from the Secretary for Scotland, enclosing

a letter from the Board of Trade with plans of a new weir and salmon

ladder proposed for the mouth of the Wick River, I visited Wick on my
way south from Shetland and met a committee of the Wick and Pulteney

Harbour Trustees. The proposed weir—six feet in height— is to be erected

in the tidal portion of the river's mouth a short distance above the iron

swdng bridge which carries the roadway across from the harbour and
fishing quarter of Pulteney Town to Wick proper. In recent years it has

been found that the harbour accommodation is inadequate, and in view
of the large numbers of fishing boats which at certain seasons are laid up,

it is now proposed to put about a hundred of these in the lower portion

of the river, rendered suitable for this purpose by the erection of the new
weir. A small weir at present exists further up the river which has had
the effect of creating a lagoon on the landward side of the town. This

weir practically marks the limit of tide-reach, and when the tide is out

the greater part of the river bed below this weir is dry. The new weir is

to be raised to the same level as the upper weir, so that the lagoon-like

character of the river will be extended downwards through the town of

Wick to the point indicated. For the entrance of fishing boats or other

small craft the weir is to be provided with a portable section close to the

left or north bank. The point -which I had more especially to consider

was the formation of the salmon ladder shown in the plans prepared by
the Harbour Engineer. To this salmon ladder I took exception in its

entirety, and at my meeting with the Harbour Trust I made the alterna-

tive suggestion of a pool pass as being more likely to prove satisfactory in

its results, the Committee and their Engineer at once expressing their

willingness to adopt such a pass as would satisfy the conditions. The
pool pass was therefore agreed upon and the details at once settled. New-
plans were afterwards drawn up by Mr. James Barron, Aberdeen, the
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engineer, M'hicli showed accurately the design agreed upon. A pool, 40
feet by 28 feet, is formed by the erection of a subsidiary dyke in the form
of a curve below the down-stream face of the weir. It is so placed as to

occupy a position next to, and more central than, the portable section of

the weir. The entrance for fish is at the side of this portable section

where the subsidiary dyke terminates at this the deepest part of the river

bed, being the position which ascending fish will most readily reach. The
pool itself is at such a level as will allow of its being flooded at high-water
neap tides. A suitable gap is also provided in the sill of the main weir.

LOSSIE.

On 30th September, in company with Mr. Wink, the Clerk to the

Spey District Fishery Board, I inspected the various obstructions in the

river Lossie, in the neighbourhood of Elgin. On the day of my visit the

river was very low, and the pollutions just below Elgin were on this

account more than usually offensive
;
indeed, between the intake and

outfall of the lowest mill lade, that of New Mill, a tweed factory belonging

to Messrs. Johnston & Co., the river bed presented the appearance of a

series of foul and stagnant pools, all the water-flow having been diverted

into the lade. It was therefore with considerable satisfaction that I

learned of the extensive system of sewage disposal which is now in course

of being introduced.

New Mill Dam.—This, owing to the complete abstraction of water just

referred to, was at time of my visit a complete obstruction to the

passage of salmon. The weir is four feet high with a down-stream face of

20 feet, or a gradient of one in five. There is no statutory gap in the

sill of the weir, nor is there a fish-pass of any kind. The lade passes off

from the left bank. The intake has three sluices, but no heck. The tail

race has a good fiow into the river, and forms a good natural lead for

ascending fi.sh. It is also unprovided with a heck, and, in my opinion,

must often form a natural trap where fish could most easily be improperly

captured. It is most important that this large lade be properly protected

against the entrance of fish, and simultaneously that the weir be provided

with a pass. In my opinion the gap in the sill of the weir might with

advantage be towards the right bank, which at this point is formed by a

high wall—the back of Messrs. A. & J. Young's brewery. Advantage
might be taken of this wall to erect a subsidiary dyke, which would

form the base of an equilateral triangle with the weir and brewery

wall, so that a pool would result—so raising the water level half-way up

the down-stream face of the weir. A gap in the subsidiary dyke might

v\^ith greatest advantage be formed where the subsidiary djdve joins and

forms an angle with the weir near the centre of the latter structure.

Dean's Haugli Dam is the next obstruction in the ascent of the river.

A saw mill was formerly worked by water diverted by means of this dam
dyke, but the mill is not now used, and the obstruction appears therefore

to be a needless one. The weir has been allowed to become leaky and

somewhat broken down ; it is about three feet in height, and with the

opening up of a suitable gap would not be an obstruction of very great

moment. The lade is unprovided with hecks.

Bishop Mill Dam.—This is a very serious obstruction, being five feet

high, and with an irregular down-stream face of about 25 feet. There is

no gap or fish-pass, nor are there hecks on the lade which passes off from

the left bank. Water is diverted by this dam dyke for the supply of

another tweed factory, that of Messrs. Kesd & Welsh. It was reported

to me that in the autumn large numbers of fish congregate at the foot of

the weir and are freely poached. The right bank is muoh exposed, being
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part of a public park or common, and therefore it is highly necessary that

not only an efficient fish-pass should exist, but that it should be situated

as far as may, without disadvantage, be possible from points of observation

on the banks. But before determining the best position for the gap and

fish-pass, the conditions of waterflow at various states of the river's level

should be carefully noted. At the road bridge which spans the river a

short distance below this weir a most offensive discharge seems to enter

the river—it appeared to me to come chiefly from the town's gasworks,

though domestic sewage was also present in considerable amount. This

point may, however, bo said practically to mark the limit of pollution.

Old Mills Dam.—This is a peculiarly ancient looking structure of most

irregular formation situated near the old Bow Bridge. It forms a sort of

moss-grown causeway joining in an elbow-like curve two small islands and
the opposite banks. So uneven is the structure in places that the sill is

not always the highest part of the weir. It is also extremely leaky, much
water escaping between the loose boulders. The height varies from three

feet to four feet, and the down-stream face from 12 feet to 20 feet. There is

no pass of any kind. The lade passes off from the right bank, and in view

of the fact that the Old Mills are meal mills—there is one building with

a wheel and a section of the lade on each side—it appeared to me that a

very great deal of unnecessary water was taken from the river. This,

together with the amount of water leaking through the three sections of

the dam dyke, is an important point to be observed as seriously hindering

the possibility of fish ascending the river. The lade is unprovided w^th

hecks.

Sheriff Mills Dam,—This again is a most formidable obstruction with

several attendant hazards to fish. On the left bank there is a large saw
mill with two separate wheels. The intake of the lade contains a great

amount of water, and this is divided, a branch going to each wheel and

afterwards passing separately into the river. There are no hecks whatever,

and each tail race affords a good lead for ascending salmon unable to

overcome the weir. On the right bank is an aerated water factory with a

lade and water-wheel. Again there are no hecks, but the lade is an
insignificant one compared to that of the saw mill opposite. This aerated

water factory now occupies the site of the old Sheriff Mill. It and the

saw mill belong to the town of Elgin. The dam dyke was completely

dry at the date of my visit, and appeared to have been recently repaired.

A smooth cement sill, 60 paces long, has the appearance of having been

placed upon the top of the old sill \^oide Clause 7, Bye-law G, Salmon
Fisheries (Scotland) Act, 1868]. The weir may be said to be now fo*ir

feet six inches high, with a down-stream face of 23 feet, or a gradient of

rather more than one in five. There is no gap and no fish-pass.

It will be seen, therefore, that the river Lossie, in the neighbourhood
of Elgin, has three very serious obstructions, and that none of the weirs

and mill lades conform to the requirements of Bye-law G of the

Fisheries (Scotland) Act, 1868 [31 and 32 Vict. c. 123]. It

may also be observed that in several cases the weirs are extremely
leaky, and that not only in this way does a great waste of water occur,

but that no restriction appears at any time to have been placed upon the

abstraction of water through mill lades. The result is that the weirs,

badly obstructive in themselves, are rendered still more so through an
absence of water. Since the date of my visit a District Fishery Board
has been formed under the Chairmanship of the Duke of Richmond and
Gordon. With regulation and protection it may therefore be confidently

hoped that the stock of fish in this district will be materially improved.

W. L. CALDERWOOD.
Wi March 1903.
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APPENDIX 1.

THE FOLLOWING QUERIES HAVE BEEN SENT TO

CLERKS OF DISTRICT BOARDS, AND OTHERS :—

Take of Pish—
1. Has the take of fish in your district in 1902 been above, about, or below

the average

—

(a) In tidal waters ?

(6) In fresh waters ?

(c) By fixed engines ?

(d) Generally throughout the district ?

2. Can you give the number of fish caught in your district, exactly or

approximately

—

(a) By net and coble ?

(h) By fixed engines ?

(c) By rods ?

8. At what period of the year in your district during 1902

—

{a) Were the first clean fish taken ?

(6) When was the main take of salmon ?

(c) When did the grilse and sea-trout run ?

4. In order that accurate records be kept as to whether the run of salmon in

your district is becoming earlier or later, it is desirable that you should,

if possible, obtain and furnish me with statistics of the percentage of

fish taken in each month

—

(a) By net and coble.

(h) By fixed engines.

5. What was the weight of the heaviest salmon or trout caught in vour
district in 1902—

(a) By net and coble.

(6) By fixed engines

.

(c) By rods ?

6. Was the number of heavy fish remarkable ?

Protection—
1. Please state the amount of the assessable rental of your district in 1902 ?

2. What was the assessment levied thereon during the year ?

3. State the number of water bailiffs employed in your district in 1902 ?

4. Were any prosecutions instituted under the Salmon Fishery Acts in

1902 ? If so, for what offences were they instituted, and what was the
result ?

Obstructions to the Passage of Fish—
1. Give full particulars of any dams destroyed or disused in your district

in 1902 ; or any new dams built or old dams altered.

2. Are the dams, hecks, and cruives (if any) in your district worked in

accordance with the provisions of the bye-laws (Schedules F and G)
regulating the same ?

3. Have any fish-passes been built or altered in ^02 ?

4. Do the existing fish-passes afford a free passage to salmon wishing to

ascend ?
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5. Have any natural obstructions been opened up during 1902 ?

6. Generally, have any acts been done, either by new fisheries being started,

old fisheries not being used, or by the alteration of obstructions,

whereby the ascent of fish has been influenced ? If so, state fully what
changes have taken place.

Pollutions—
1, Were any fresh causes of river-pollution introduced in your district in

1902 ?

2. Were any steps taken in 1902 to remove causes of pollution; and, if so,

were they attended with success ?

The Salmon Disease—
1. Has the salmon disease shown itself in your district this year? If so,

when did it first make its appearance ? When was it at its height ?

When did it disappear ?

2. What was the level of the river during the prevalence of the salmon
disease ?

3. Can you state the number of diseased salmon taken from the river in each
month, specifying the proportion of male and female, of kelts and of

clean fish?

The Spawning Season—
1. What was the earliest date, during the season of 1901-1902, on which

salmon were noticed spawning ?

2. Between what dates did the greatest number spawn ?

3. When did the spawning season finish ?

4. What was the level of the river during the spawning season ?

5. Were the numbers of spawning fish more or less than usual ?

(3. Which were the principal spawning streams in your district ?

Kelts-
1. On what date, during last season, were kelts first noted migrating sea-

wards ?

2. When did the chief migration take place ?

3. When was the river free from kelts ?

4. What was the level of the river during the period kelts were migrating ?

Smolts—
1. On which dates, during the year, were smolts noticed migrating?

2. Was it a good smolt year ?

Artificial Propagation of Salmon-
Is there any hatchery in your district for the artificial propagation of salmon

and trout, either belonging to the District Board or supported by private

enterprise ? If so, describe its situation, and state how many ova have
been secured during the past season.

Proportion of Male to Female Salmon—
Can you state the proportion of the male to the female salmon in your districi

or river, specifying whether your return, so far as it goes, is based upon
an estimate or on actual enumeration ?

General Question-
Are there any other points relating to the salmon fisheries in your district

to which you would wish to direct the attention of the Board, in

addition to those suggested by the preceding queries ?

Kindly inform me of any changes which may have occurred in the Office-

bearers of the District Fishery Board.
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ANSWERS TO THE FOREGOING QUESTIONS.

(The Answers apply to the period from 1st November 1901 to

1st November 1902.)

THE DISTRICT OF THE RIVER FORTH.

Take of Fish—
1. About the average

;
(a) above the average

;
{h) below the average

;
(c)

above the average
;

(d) about the average.

2. No means of knowing,
3. (a) 16th January

;
(b) June, July, and August

;
(c) grilse, June, July,

and August ; sea-trout all through the fishing season.

4. No means of knowing.
5. 42 lbs.

;
(a) 38 lbs.

; (6) 40 lbs.
;

(c) 42 lbs.

6. Very remarkable.

Protection

—

3. Twelve.
4. There were 8 prosecutions instituted under the Salmon Fishery Acts in

1902—Not observing the weekly close time on the sea coast, taking
salmon smolts by rod and line, gaffing salmon at the foot of dam
dykes, and jiggering salmon at the foot of dam dykes. Convictions

in all cases.

Obstructions to the Passage of Fish

—

1. There were no dams destroyed, or new built, or old dams altered in 1902.

2. The dams and hecks are not worked in accordance with the provisions

of the bye-laws.

3. 4, and 5. No.
6. No change.

Pollutions

—

1 and 2. No.

The Salmon Disease

—

1. Yes. 9th October 1902.

2. High.
3. lean state for the months of October and November and December

—

72 male salmon, 14 female salmon, 14 male grilse, 10 female grilse, and
3 sea-trout; about half of the fish was unspawned. Total, 113. This
is a long way below the average for the river Forth for the three

months in former years.

The Spawning Season

—

1. 20th November 1901.

2. 1st December and 25th, 1901.
3. 10th January 1902.

4. Low.
5. About the average in 1901.
6. Teith, Allan, Kelty, Ardoch, and Devon.

Kelts—
1. 2nd December 1901.

2. 15th May 1902.
3. 17th May 1902.

4. High.

Smolts

—

1. May and June 1902.

2. About the average.

c
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Artificial Propagation of Salmon-
No.

Proportion of ]\Iale to Female Salmon—
Don't know.

General Question

—

Thomas L. Galbraith, late Clerk to Fishery Board, resigned 15th April
1902 ; Patrick Welsh, County Buildings, Stirling, appointed his
successor, 16th May 1902. Angus Paterson, late Superintendent of
Salmon Fishings, left service of Board, and James M'Eae, Stirling,

appointed his successor on 4th March 1902.

THE DISTRICT OF THE RIVER TAT.

Take of Fish—

1. (a), (6), (c), and (d) About average for salmon. Grilse more abundant
than usual.

2. (a), (6), and (c) No.
3. (a) At start of rod-fishing on 15th January

; (6) July and August
;

(c) a
few in May, but not in any large numbers till near end of June.
Chief run in July and August.

4. No means of getting correct information. The season changes a little,

owing, it is supposed, to water and weather conditions.

5. (a) 601 lbs., caught below Newburgh, 9th July
; (6) 47 lbs., so far as is

known
;

(c) 46 lbs., caught near Almondmouth in October.

6. No, there was not quite so many as usual.

Protection

—

1. £22,663 12s.

2. 7 per cent.
*

3. Twenty-six during the spawning season.

4. Since last report 45 cases have been prosecuted (44 in Perth and 1 in

Forfar Sheriff Courts). These implicated 75 persons. The offences

were :—Found in possession of foul fish, 25. Cleeking, &c., 11.

Killing smolts, 4. Salmon roe, 2. Taking salmon with a sparling

net and yawl, 1. Fishing for salmon with rod and line without leave

of proprietor, 1. Taking foul salmon by rod and line, 1. Convictions
were obtained in 44 cases, involving 59 persons. The charges against

8 persons were withdrawn. In 4 cases the accused were admonished,
in 1 not proven, in 1 the diet was deserted, and in 1 accused absconded.
Fines and expenses ranging from 6s. to £5, and |amounting in cumulo
to £92 3s. 9d., being an average of £1 lis. 3d. for each person con-

victed, were imposed. Thirty-five paid fines, 16 were imprisoned, 6
are not yet settled, and 2 have died since trial. An important decision

on the question whether a " Rawner " is a foul fish was obtained in

a prosecution in Perth Sheriff Court on 24th June 1902. David
Armstrong, a labourer in Perth, was charged with having been on 27th

February 1902 in possession of an unclean or unseasonable salmon,

contrary to the 20th section of the 1868 Act. He pled not guilty.

Superintendent Lumsden and Watcher Dempster gave evidence as to

the seizure of the fish from the accused, and as to its "baggit" condi-

tion, the ova being quite loose and running from end to end of the

fish. Dr. Noel Paton, Lecturer on Physiology, Edinburgh, who had
examined the fish after seizure, and Mr. Charles Wright Morris, Chief

Inspector of the Fishmongers' Company, London, who had also seen

the fish, had no hesitation in saying that it was unclean. In convicting

the accused of the ofience charged. Sheriff Sym, before whom the case

was tried, said—" I do not think that what has been a long practice in
" a particular river has really much to do Avith the question in this
" case. I do not say it has nothing to do with it, because I can under-
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"stand that the Justices in the previous prosecutions regarded the

"practice as some evidence on the facts. They thought that the
" ordinary understanding of fishermen bore upon that question of fact.

" I think that the fish which the accused had on the date libelled, the
" 27th February, was a fish which was, in the first place, a gravid fish,

" as I would express it ; that it had matured spawn in it ; and that it

" was actually at the point of spawning, or within a very brief period
" of spawning, at the time it was taken, and I call that an unclean fish.

" I am inclined to think that every rawner must be an unclean fish, but
" I do not need to decide that. I decide that this fish, produced and
" described in its then condition on 27th February, was an unclean
" fish. The fine will be one of 5s., with 15s. of modified expenses."

Obstructions to the Passage of Fish

—

1. There has been a new dam dyke built across the Almond about 700 yards
below the former lowest dyke. It is a very difficult oue for salmon to

get over, but it is understood it is going to be altered.

2. All cruives discontinued in district, but a good deal of trouble is

experienced in connection with hecks by millowners taking advan-
tage of the provisions of Section 11 of the 1868 Act, which provides

that it shall be lawful to lift any heck from out the water as a

means of protection during a flood, or when the river is encumbered
with ice or with weeds and floating leaves to an extent to choke the
heck.

3. None of them are all that could be desired.

4. 5, and 6. No.

Pollutions

—

1. Gradual increases all round, but nothing specially new so far as observed.

2. No steps taken.

The Salmon Disease

—

1. Yes, first observed on 7th November, and increased up to January and
declined till end of May, when little or no disease was seen.

2. Slightly below usual winter conditions.

3. No accurate note kept, but roughly speaking from 1000 to 1200, chiefly

spawned fish. About 20 clean salmon were found among the diseased

dead fish.

The Spawning Season

—

1. 24th October.

2. Between 15th November and 15th December.
3. Early in January.

4. Kather below the usual level of spawning seasons.

5. A good average.

6. Tay, Earn, Isla, Tummel, Ericht, Garry.

Kelts—

1. In January.
2. In April and May.
3. About 10th June.

4. Slightly lower than usual in these months.

Smolts

—

1. This was rather a peculiar season of smolts. They began to go down early
in March, and continued more or less right on to about the middle of
June. So it was both an early and a late season, and considered a
very good one as to numbers.
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Artificial Propagation of Salmon

—

Ye3, there is a hatchery at Diipplin, on the Earn, belonging to the Tay
Fishery Board. It was stocked to its full capacity, 456,000 ova. In
connection with spawning operations the Board last year began to use
a floating crib, anchored in the river, in which fish are kept till ripe

for spawning. The experiment was found most successful.

Proportion of Male to Female Salmon

—

No.

General Question

—

None.

No changes.

THE DISTRICT OF THE RIVER SOUTH ESK.

Take of Fish—
1. About an average.

2. No means of ascertaining this even approximately.

3. {a) 16th February—opening of season
; (6) July and August

;
(c) in July.

4. It is impossible to give any correct idea as to this.

5. (o) and (6) 56 lbs.

6. Yes. Remarkably so.

Protection

—

1. £3552.
2. Ten per cent, on rentals of fisheries.

3. One river superintendent and 8 bailiffs.

4. Eleven prosecutions, chiefly for dragging, 1 case of using net during
close time ; 1 case for exposing salmon for sale during close time. In
several prosecutions more than one accused included ; 18 olfenders

included in the whole eleven prosecutions. In all the cases, save one,

convictions were obtained.

Obstructions to the Passage of Fish

—

1. None.
2. Partly.

3. Two altered and improved—at Kinnaird and Blackie Mill.

4. Yes. Passes satisfactory.

5. None.
6. No change.

Pollutions

—

1 and 2. No.

The Salmon Disease

—

1. Yes. Disease shown in river to a great extent during 1902. First

appeared in the month of August, and has been increasing. No signs

of abatement yet. Said by the Chairman of the Board to be worse than
during the last 16 or 17 years.

2. Generally low.

3. Not at present, but may be able by and by to do so.

The Spawning Season

—

1. On 11th November.
2. From 15th November to end of December.
3. Will finish in January next.

4. About normal size.

5. Above an average.

6. In principal river at Aldbar, Brechin, Finavon, Clova, and Cortachy ; in

Prosen tributary—Glen Prosen.
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Kelts—

1. On 24th January 1902.

2. About 25th February 1902.

3. About 26th April.

4. About three and a half feet in flood.

Smolts

—

1. Commenced to migrate on 11th April.

2. Very good.

Artificial Propagation of Salmon

—

None.

Proportion of Male to Female Salmon

—

Males predominated by about two males to one female, based upon estimate

of the River Superintendent.

General Question

—

Nothing further occurs worthy of mention.

Office-bearers continue to be the same, viz. :—Chairman—James Johnston,

Esq., Montrose ; Clerks—Messrs. James Don and David Guthrie Shiell,

solicitors, Brechin.

THE DISTRICT OF THE RIVER NORTH ESK.

Take of Fish—

1 . («), (6), (c), and {d) Rather below average.

2. (a), (&), and (c) No.
3. (a) 16th February

; (6) end of June and beginning of July
;

(c) June,
4. («) antl (6) Cannot obtain statistics,

5. («.) 30 lbs,; (6) 51 lbs.; (c) 30 lbs.

6. No more than usual, but less than previous year.

Protection—

1. £6494.
2 6| per cent.

3. Thirteen bailiffs and superintendent.
4. No prosecutions.

Obstructions to the Passage of Fisli

—

1. No change.

2. No cruives. Dams as fornierlv

3. No.
4. Passes as formerly.

5. No.
6. None.

Pollutions

—

1 and 2. No.

The Salmon Disease

—

1. About 50 salmon in all during the season. One-half of them were found
dead, and the other half in a dying state.

2. About 20 salmon were also found dead from natural causes,
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The Spawning Season

—

1. End of November.
2. December and January.
3. End of January.
4. About average level.

5. More.
6. Gannochy, King's Ford, Pert Ford, Stob Ford, Bothy Stream, Peter's

Stream, Bailie Middleton's Stream, Broad Rack, and Bridge Stream.

Kelts—
1. End of December.
2. December and January.
3. End of May.
4. Average level.

Smolts

—

1. During March, April, and May.
2. Yes.

Artificial Propagation of Salmon

—

No hatchery.

Proportion of Male to Female Salmon

—

Estimate three-fourths male and one-fourth female.

General Question

—

Yes. By a clerical error in the 12th Section of the Act of 1868, the word
"less" is used in place of "more," relating to the raising during the
weekly close time of the Kinnaber Lade sluice at the Morphie Dyke;
this should be amended.

Destruction of smolts by gulls and other birds.

No change.

THE DISTRICT OF THE RIVER DEE {ABERDEEN).

Take of Fish—
1. (a), (6), (c), and (d) A good average.

2. (a), (b), and (c) No. It has been found impossible to obtain any reliable

data on these points.

3. (a) 11th February
; (6) in the months of June and July

;
(c) first grilse

caught on 8th April, sea-trout, 1st May.
4. (a) and (6) The tendency would appear to be rather earlier, but have not

got sufficient information to enable anv statistics to be kept.

5. (a) 52 lbs
; (6) 42 lbs.; (c) 39 lbs.

6. Not above average.

Protection

—

1. £19,455 7s. Id.

2. Five per cent, on above rental.

3. Nineteen.
4. Two prosecutions—(1) Netting river in weekly close time—five men con-

cerned, two of these convicted, one fined £3, the other £5, both with
expenses. As regards the other three men, case was found not proven.

(2) Taking salmon during weekly close time—one man implicated,

fined £5, with £2 2s. expenses

Obstructions to the Passage of Fish

—

1. Nothing of this nature on river.

2. No dams hecks, or cruives.

3. No.
4. No fish-passes.

5. No.
6. No changes of this nature.
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Pollutions

—

1, No.
2. The large sewer referred to in last year's report is not yet completed, but

the work at it is being steadily pushed forward. It is a very heavy and
expensive undertaking, and probably will not be completed for 18

months or two years.

The Salmon Disease—

1. Scarcely any disease observed.

The Spawning Season

—

1. Earliest, 15th October in upper reaches—rather later lower river.

2. From Ist November to 31st December.

3. Practically about 15th January.

4. Rather low.

5. More.
6. Clunie, Geldie, Gairn, Feugh, Muick, all being tributaries, and upper

reaches generally. Of the tributaries mentioned, the Geldie and the

Gairn were unusually full of spawning fish.

Kelts—

1. Middle of January.

2. During April.

3. Never quite free.

4. Rather flooded in April when chief migration going on.

Smelts

—

1. Early in March.
2. Very good.

Artificial Propagation of Salmon

—

About 1,000,000 ova put into the Drum Hatchery between 26th and 29th
October. Commenced to hatch 1st February. During the hatching
period 16,500 dead eggs removed from the boxes, the remainder put
into the river in a healthy state about end of May. The hatchery
belongs to the District Board.

Proportion of Male to Female Salmon

—

No information obtainable on these points.

General Question

—

Nothing occurs to the Clerk to mention under this head.

No changes.

THE DISTRICT OF THE RIVER DON.

Take of Fish—

1. (a) Below average
; (6) about an average

; (c) below average
;
{d) slightly

below average.

2. (a), (6), and (c) No reliable information can be obtained on these points.

3. (a) 11th February
; (6) month of July

;
(c) first grilse llth April, sea-

trout about same date.

4. (a) and (6) It has been found impossible to keep any special record that
would meet these enquiries.

5. {a) 40 lbs.; (6) 43 Ibe.; (c) 32 lbs.

6. Not above average.



•28 Appendices to Twentij-first Annual Report

Protection—
1. £370U 56. 9d.

2. Fifteen per cent, on assessable rental.

3. Thirteen.

4. Thirteen prosecutions, implicating 22 individuals. Of these, 6 were for

being in possession of salmon in annual close time, 3 for being in

possession of foul fish, 3 for being in possession of poaching imple-

ments by the river side, 1 for taking trout by net.

Number of convictions obtained in above cases—offenders mostly
went to prison,........ 7

Settled before going into Court, ..... 4
Cases deserted—accused having left town, ... 2

Obstructions to the Passage of Fish

—

1. No alterations since last year.

2. Yes.

3. No.
4. All do so, with two exceptions, viz. :—Mugiemoss and Stoney wood.
5. No.
6. No changes of this nature.

PoUutione

—

1. No.
2. No further progress can be reported regarding the removal of causes of

pollution, but the matter is receiving close attention.

The Salmon Disease

—

1. A good deal of disease, first seen in end of October, worst in November,
still observable in a modified degree.

2. Normal.
3. Three hundred fish taken from the river in November, proportion about

2 females to 1 male. In December 150 fish taken from river—propor-

tion of sex same. No clean fish.

Note.—It has been slightly worse this year than in some previous years. It is believed

that the polluted waters from the mills, and obstruction to the ascent of fish

by dykes, promote disease, the dykes having the effect of causing the fish to

congregate in hundreds in limited spaces. The disease has always been worst
on the lower river, where there are paper mills.

The Spawning Season

—

1. Middle of October.

2. From 1st to 30th November.
3. Practically at the end of December.
4. Rather above normal.
5. Rather above average.

6. The main river about Brux and Kildrummy—no particular spawning in

any tributary except in the Urie.

Kelts—
1. Middle of March.
2. April.

3. About clear of kelts at end of April.

4. High.

Smelts

—

1. 28th March.
2. Very good.

Artificial Propagation of Salmon

—

60,000 ova put into the hatchery at Fish Street towards end of December.
About five-sixths of these were successfully hatched out and put into

the river from 10 to 15 miles up stream, i.e. above all mills. The
hatchery is carried on at the mutual expense of the Dee and Don
District Boards.

Proportion of Male to Female Salmon

—

No information obtainable on these points.
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General Question

—

Nothing occurs to the Clerk to mention under this head.

No changes.

In the action at the instance of the Earl of Kintore and others, proprietors

of fishings in the river, against Messrs. Pirie & Sons, Ltd., seeking to

have the defenders interdicted from taking the excessive quantities of

water from the river to the injury of pursuers' salmon tishings, a

judgment was pronounced by Lord Kyllachy, in December 1901,

wholly in pursuers' favour. Against this the defenders reclaimed to

the First Division, who on 18th December 1902 unanimously refused

the appeal and adhered to the Lord Ordinary's interlocutor. The
defenders are, it is stated, to appeal to the House of Lords, but mean-
time the pursuers are taking steps to have the judgment applied by
the Court.

THE DISTRICT OF THE RIVER YTHAN.

Take of Fish—
1. (a) Sea-trout have been above the average

; (6) sea-trout above the average

but salmon below
;

(c) and {d) below the average.
2. (a) and (6) No ; and (c) about 90 salmon.
3. (a) 25th February; (6) July

;
(c) July and August.

4. This information cannot be obtained from the lessees.

5. (a) See preceding answer; (&) salmon 43 lbs., sea-trout 15 lbs.; (c) salmon
le^lbs.

6. There were not many heavy fish.

Protection—
1. £1398.
2. -111176 per £, being a little over 2s. 2M per £.
3. Five.

4. There were two prosecutions against five persons for illegal fishing, and
in both convictions were obtained and fines imposed.

Obstructions to the Passage of Fish

—

1. None.
2. Yes.

3. -None.

4. Yes.

5. No.
6. No.

Pollutions

—

1. No.
2. No.

The Salmon Disease

—

1. Yes. 17th November 1901. At heiglit in February, disappeared in

April.

2. Low level.

3. Three male kelts to one female kelt. For number of tish, see following

.
Table :-

[Number.
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Number of Diseased Fish taken out of River Ythan.

Date. Number.

Salmon.

1

Sea-Trout.

1

Male.

1

Female.

1

Weight

in

Pounds.
Diseased.

Not

Diseased.

Spawned.

Not

Spawned.

1

Taken

out

Alive.

Taken

out

Dead.

iyuz, «)an. 1 Otl->izin 9Z i i ib Z oZ 9

i4tn 1 I 1 1/ 1 1 1

" " iDtn 6 QO 9Z i 1414 qO qO 1 9z

5! 5J zutn i i T 10iU 1 1 1

zist 9 9Z z 1 9 9z 9Z

" " zora D o 9Z 1

1

0 D 9Z 4

Z4:Ln i 11 i ZU 1
i L 11

ol St i I 1 ii 1 1
1
1

,, reb. otn o/ 9 Z 09ZZ 9Z 9Z 9Z

1 o+v. oo q q 1 S q q 11 9z

" " zutn 9 9 9Z 1 9 9z 9z 9z

J 13

" " ZOtn 1
J i I 99ZZ 11

11 ]^

zytn o 9Z 9Z ...
9z 9z 9

5 5 5 5
z/tn qo q 1 10 q q qo

,
, March 1 Of Tijuin 9Z 9Z 1

11 lo 2 2 2

5 5 5 5
I4tn 1

1. i i 11 1 1 ... ]^

5 5 5 5
iotn Z Z i 1 1

A

14 9z 9z 2

5 5 5 5
zytn 1

aO 1 1 11

,, April otn 1 1 i q 1 1
11

iOtn 1 1
n 1 Q 1 1 1

11th 2 2 ID 9Z 9Z 9

1 HAT "KT
1901, A'ov. 17th 1 I

9Z 9Z 9Z 9

5 5 5 5
23rd 2 1 1 9 Z 9Z 9z

29th 1 1 1 1 1 1 1

Dec. 4th 2 2 1 1 6 2 2 2

5 5 ! J
14th 2 2 2 10 2 2 2

1902. Jan. 15th 2 2 2 15 2 2 2

5 5 5 !
17th 2 2 2 9 2 2 2

18th 4 4 2 2 10 4 4 4

22nd 6 6 5 1 15 6 6 4 2

5 5 5 5
27th 3 3 3 13 3 3 3

„ Feb. 6th 2 2 2 14 2 2 ...
o
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Number of Fish—continued.

Date. Number.
Salmon.

Female.

"Weight

in

Pounds. Diseased.

Not

Diseased.

Spawned.

1

Not

Spawned.

Taken

out

|

Alive.

Taken

out

Dead.

„ 8th 2 2 2 8 2 2 2

13th 3 3 3 12 3 3 o

„ 20th 3 3 2 1 14 3 3 3

22nd 1 1 1 9 1 1 1

„ 25th 2 2 2 10 2 2 2

„ 27th 2 2 . 2 13 2 2 2

„ March 3rd 4 4 4 12 4 4 4

5th 3 3 . 3 10 3 3 3

,, . 7th 2 o 2 14 2 2 2

8th 2 2 2 13 2 2 2

10th 3 3 3 10 3 3 3

12th 1 1 1 15 ... i
1

1

1

,, 17th 2 2 . 2 14 2 2

„ 20th 1 1 1 12 1 1

„ 2Lst 2 2 . 2 10 2 2

„ Feb. 22nd 1 1 1 16 1 1

„ „ „ 1 1 1 14 1 1

„ „ „ 1 1 1 14 1 1

1 1 1 9 1 1

„ 25th 1 1 . 1 20 1 1

,, March 4th 1 1 1 16 1 1

>5 J) J5 1 1 1 8 1 1

5th 1 1 1 18 1 1

Grand Total, 110 104 6 84 26 695 107 3 no 11 99

The Spawning Season

—

1. On nth November 1901.

2. From 23rd December 1901, to 12th January 1902.

3. No salmon were seen on the redd after 1st February.
4. High level.

5. About the same as usual.

6. Ythan, Ebrie, Bronie, Little Water, Fordoun.

Kelts—

1. On 3rd February.
2. Month of March.
3. May.
4. Low level.
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Smolts

—

1. From 15th April to 15th May.
2. Yee.

^

Artificial Propaojation of Salmon

—

There is a hatchery belonsjing to the District Board, situated on the river

bank about one mile from tidal water ; about 70,000 ova were secured

during the past season.

Proportion of Male to Female Salmon

—

About 4 males to 3 females, this is an estimate.

General Question

—

No.

THE DISTRICT OF THE RIVER UGIE.

Take of Fish—
1. {a) Below average of previous seasons

; (&) considerably below average
owing to low state of river and water being very clear

;
(c) and {cl)

considerably below average.

2. {a) and {h) 500 grilse, 900 salmon, and 300 sea-trout
; (c) 10 salmon,

2 grilse, 500 finnock, and 300 sea-trout.

3. («) Month of March
;

{h) Julr, August, September, and October
; (c)

July and September.
4. The salmon fishings continue in the hands of ^jrivate enterprise, and the

tacksmen decline to give any record of fish taken.

5. (a) and (6) 45 lbs.
;

(c) 34 lbs.

6. No.

Protection—
1. £838 10s.

2. Is. l-3d. per £.

3. Five water bailiffs employed in district.

4. No.

Obstructions to the Passage of Fish— •

1. There have been no alterations on the dams during the year 1901-02, and
no new ones built.

2. The dams are worked in accordance with the provisions of the bye-laws

(Schedules F and G) regulating the same. The cruives are not worked
at all, except for catching fish for hatchery purposes.

3. None.
4. The existing fish-passes afford a free passage to salmon and other fish at

all times.

5 and 6. None.

Pollutions

—

1 and 2. No.

The Salmon Disease—
1. The salmon disease has not shown itself in the district this year to any

extent calling for special remark.

2. Between half-spate and spate.

3. February 1902—1 male and 1 female kelts; March 1902—3 male and
1 female kelts.

The Spawning Season

—

1. 23rd November 1901.

2. Between 23rd November and 31st December 1901.

3. 1st January 1902.

4. Half-spate to sjiate.

5. Fair supply of female fish ; male fish less than usual.

6. Water of Feddorate, North Ugie ; Newseat and Stonemill Streams.
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Kelts—
1. 1st February 1902,

2. BetAveen 24th February and 5th March 1902.

3. 1st May 1902.

4. Half-spate to spate.

Smolts

—

1. From 1st May to 31st August 1902.

2. There was a good migration of smolt.

Artificial Propagation of Salmon

—

There is a hatchery at Englishmill, Tnverugie, for the artificial propagation

of salmon or trout, maintained at the expense of the various proprie-

tors. The hatchery has not been stocked this season owing lo the

scarcity of male fish.

Proportion of Male to Female Salmon

—

Five males to three females, based on estimate.

General Question

—

None.

There have been no changes in the office-bearers of this Board.

THE DISTRICT OF THE RIVER DEVERON.

Take of Fish—
1. (a), (c), and {d) About the average

; (6) above the average.

2. (a) About 1500 salmon and grilse
;

(c) 950 fish.

3. (a) 11th February
;

{h) March, April, July, and August
;

(c) July.

4. (a) The percentages killed in each month are as follows :

—

5. (a) 43 lbs.; (6) 47 lbs.; (c) 34 lbs.

6. Yes.

Protection

—

3. Assessable rental for year to Whitsunday 1901, £3048 9s. 3d.

2. Assessment levied thereon, £866 18s.

3. 12 bailiffs and 1 superintendent.

4. No.

Obstructions to the Passage of Fish—
1. None.
2. Yes.

3. No.
4. Yes.

5. No.
6. None.

Pollutions

—

1. No.

The Salmon Disease

—

1. No.
3. 220 dead fish (male) by natural causes.

The Spawning Season

—

1. 14th October.

2. November and December.
3. Middle of January.
4. Different stages.

5. Yes ; the number more numerous than usual,

6. Well spread over the whole district.

Salmon
Grilse,

.

February. March. April. May. June. July, August.
. .. 6 12 13 14 8 17 30

5 65 30
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Kelts—
1. 1st December.
2. March.
3. 1st May.
4. Half-flood.

Smolts

—

1. Middle of April and 10th May.
2. Yes.

General Question—
The District Board at its meeting on 5th November 1902 resolved to

memorialise the Fishery Board for Scotland that it should be made
illegal to use a gafi" as auxiliary to angling with a rod and line between
the opening of the season and the 1st of May in each year.

THE DISTRICT OF THE RIVER SPEY.

Take of Fish—
3. (a) 11th February 1902 ; (6) February and August 1902

;
(c) grilse, June

and July—sea-trout, May.
5. (a) 41 lbs.

; (6) 50 lbs.
;

(c) 37 lbs.

Protection

—

1. For 1902-3, £8146 10s.

2. Do. Assessment £1035 5s. 8d., being at rate of 2s. 6^d. per £.

3. One superintendent, one inspector, and 45 bailiffs.

Obstructions to the Passage of Fish

—

2. In most cases pretty satisfactorily.

3. Many have to be overhauled and repaired yearly.

4. The best in district causes difficulty to fish which are late and almost
ready to spawn.

Pollutions

—

1. No new distilleries during 1902 in Spey district.

2. Steps are being taken to remove causes of pollution.

The Salmon Disease

—

See Superintendent's Annual Report for 1901-2.

The Spawning Season

—

1, 2, 3, 4, 5, and 6. See Superintendent's Annual Report for 1901-2.

Smolts

—

1 and 2. See Superintendent's Annual Report for 1901-2.

Artificial Propagation of Salmon

—

See Superintendent's Annual Report for 1901-1902.

Propoition of Male to Female Salmon

—

No discrepancy was seen on tributaries during the spawning season.

Ofiice-bearers

—

A new Spey District Board was elected on the 17th October 1902, when the

following members were chosen :—For upper proprietors—Sir George
Macpherson Grant, Bart, of Ballindalloch, J. W. H. Grant, Esq. of

Wester Elchies, and J. R. Findlay, Esq. of Aberlour. For lower
proprietors—The Right Honourable the Earl of March, David
Jamieson Cunningham, Esq., factor for Lord Algernon Gordon-Lennox,
and John Smith, Esq., factor for the Right Honourable the Countess
Dowager of Seafield. His Grace the Duke of Richmond and Gordon
is Chairman of the Board in respect of His Grace being entered in the

Valuation Rolls as the largest fishery proprietor in the district.
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Superintendent's Annual Report for year ending 26th August 1902,

mitted to the meeting held in Elgin on 17th October 1902 —

I.

—

Salmon Spawning

The following Table shows the dates of the first appearance of sa

spawning beds, and the number seen by bailiffs during the last

spawning seasons, on the following named streams or tributaries :

—

1899.

Name of Stream. Spawning Commenced
Season

^

Fiddich - - - 7tJi October 692
Avon - - - 10th „ 914
Livet^ - - - 10th 1,637
Conglass - - - 12th „ 383
Lochy - - - 14th „ 157
Dulnain - ^ - 18th „ 555
Nethy - - 9th „ 293
Druie - - - 10th „ 111
Feshie - - - 11th „ 578
Tromie - - 14th „ 141
Truim - - - 14th „ 69
Spey (above Laggan, Badenoch) 9th „ 124

Total Spawning Beds, - 5,654

1900.

Name of Stream. Spawning Commenced
ggason

Fiddich - - - 10th October 680
Avon - - - 12th ,, 1,091
Livet - - - 9th ,, 1,942
Conglass - - - 11th ,, 480
Lochy - - - 8th ,, 207
Dulnain - - - 11th ,, 838
Nethy - - - 13th ,, 422
Druie - - - 16th ,, 185
Feshie - - - 12th ,, 931
Tromie - - - 19th ,, 186
Truim - - - 18th ,, 229
Spey (above Laggan, Badenoch) 10th 153

Total Spawning Beds, - 7,344

1901.

Name of stream. Spawning Commenced
for" Season'

Fiddich - - - 11th October 525
'

Avon - - - 12th „ 1029
Livet - - - lOth „ 1392
Conglass - - - 9th „ 393
Lochy - - - 9th „ 156
Dulnain - - - 15th „ 608
Nethy - - - 15th „ 301
Druie - - - 14th „ 184
Feshie - - - I2th „ 527
Tromie - - - 15th „ 182
Truim - - . I4th „ 142
Spey (above Laggan, Badenoch) 8th „ 149

Total Spawning Beds, - 5,588
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Table showtnc; Fifteen Years' Spawning Beds Counted on
Tributaries.

Total number of Beds for year 1887 - - - 3,849
Do. do. 1888 5,637
Do. do. 1889 2,932

2,768Do. do. 1890
Do. do. 1891 4,591

5,287Do. do. 1892
Do. do. 1893 4,635
Do. do. 1894 7,214
Do. do. 1895 6,203

4,778Do. do. 1896
Do. do. 1897 5,661
Do. do. 1898 3,983
Do. do. 1899 5,654
Do. do. 1900 7,344
Do. do. 1901 5,588

It will be seen that the spawning season of last year did not come up to the
record spawning of the previous year. The decrease in number of beds
counted was 1756. For the weeks ending 14th, 21st, and 28th of December
1901, owing to heavy snow lying upon banks of river Avon and tributaries,

the bailiffs, as is customary, refrained from tracking the banks to enable them
to count the spawning beds, although they had no aoubt that much spawning
was then going on, upon the Avon especially, at said season of the year. By
the time the snoAV lifted and the succeeding high flow of water abated enough
to permit the counting of new formed beds, the beds worked upon during the

time of snowfall had become so much levelled down and blackened in colour

as to make counting impossible. Some hundreds of uncounted beds on the

Avon alone may be thus accounted for. The same cause for the same time
accounts for several hundreds of uncounted beds on Dulnain and Nethy.
Had it not been for this precaution on the part of the bailiffs in refraining

from tracking the river banks during the lengthened snowstorm, the count of

spawning beds would have compared favourably with the previous year's

exceptionally^heavy spawning. The reason why the bailiffs do not track the

river banks during a fall of snow is to prevent poachers approaching the redds.

Local poachersJ(the only poachers we have got) would never think of forming
a new track to approach a spawning redd.

The spawning on river Spey was also very good. The spawning on said

river commenced early, and fewer late spring spawners were to be seen on the

spawning redds. The first spawning beds were seen on Spey in the Rothes
district on the 8th October, and on Spey at Grantown on 28th October.

From 4th till 9th of January 1902 inclusive the river Spey and tributaries

were in high spate, which must have caused a certain amount of injury to

spawning beds.

From 25th January till 16th February inclusive the river Spey and
tributaries were partially ice-bound,, and this must also have caused slight

damage to beds formed near the water edge.

II.

—

Smalt Season.

Smolts began to show themselves about the middle of April. During month
of May they were to be seen descending the river Spey and tributaries in

large numbers. A force of eight bailiffs carried out the usual joeriod of six

weeks' smolt and salmon fry protection duty over the district of river Spey
and tributaries, from 28th April till 7th June inclusive. The permanent staff

of bailiffs continued said protection throughout the summer. Four bailiffs to

protect parr and salmon fry were put on duty on 11th August.

Six hundred printed precautionary notices were posted up all over the river

and tributary banks at the commencement of the smolt protection season.
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III.

—

Disease among Fish.

Statistics as to salmon disease in Spey district were, as usual, noted on
Fiddich. The percentage of deaths to the number of spawning beds counted
upon this stream during the spawning season of Last year was 9 per cent.,

against 7 per cent, for the previous year. These percentages have varied

during'the last 15 years from G to 21 per cent., the average being about 15 per
cent. The number of spawning beds counted upon this stream last year was
525. The number of dead or diseased fish was 47. The fish affected were

—

1 male sea-trout, 17 male and 1 female grilse, and 28 male salmon. They
were all spawned fish. The first death was observed on 16th November 1901.

The deaths from disease were most prevalent on 20th February 1902.

IV.

—

Poaching during the Year.

V.

—

Bye-laivs.

The bye-laws relating to dam dykes, mill lades, hecks, cic, were fairly well
attendecl to last year. The dyke at Rothiemurchus sawmill on Druie,

complained of last year, has had some repairs carried out upon it, but it is not

yet conform' to the bye-law requirements, and there is now less obstruction to

ascending fish.

VI.

—

General RemarJa^.

The new mouth run formed at Druie last year has kept its improved
position very well. The work has improved the water lead very much for

drawing fish from the Spey into excellent spawning grounds on Druie and its

tributaries. Inspector Brown and Bailiff G. Morrison carried out a day's work
with drags, &c., two or three weeks ago, in furtherimproving the new mouth, and
in the meantime it is in first-class order.

The sea coast and river net salmon fishing opened for the season on 11th
February, and closed again for the yearly close time on 26th August, The
weekly close times were regularly inspected by the Superintendent, the

Inspector, and Constable R. Sivewright, Speymouth. There was much stormy
weather during the season.

During the months of November and December 1901, His Grace the Duke
of Richmond and Gordon's salmon hatchery at Fochabers was stocked with
860,000 salmon ova, which were successfully hatched in March and April 1902.

The fry, with the exception of 30,000, which were retained to be put into the

rearing ponds at Tugnet, were introduced to the river Spey near Fochabers in

July last. Those which were placed in the rearing ponds will be kept there

until they become smolts, when they will be put into the river.

The full force of bailiffs or Spey police is constituted as follows :—The
Superintendent, residing in Aberlour ; the Inspector, stationed at Grantown

;

eight sergeants, and thirty-six constables.

GEORGE K. MACGREGOR, Superintendent.

THE DISTRICT OF THE RIVER NAIRN.

Take of Fish—
1. (6) Average

;
(c) above average

;
{d) about average.

2. (a) None by net and coble
;

(b) and (c) no information available.

3. (a) 11th February
;

(fe) April and May
;

(c) sea-trout in June and July,

grilse in August and September.

I)
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4.

Salmon.
Percentage of

GriU
February,
March,

5
6

34
20
17
11

7

April,

May,
June,
July,

1

6

62
31August, -

100 100

Proportions approximate only.

5. (a) None by net and coble
; (6) salmon 34 lbs., trout 6 lbs.

;
^c) salmon

22 lbs., trout 4 lbs.

6. No.

Protection

—

1. £1138 10s.

2. Is. 6d. per £.

3. One permanent bailiff, two during close season, and other assistance as

required.

4. No prosecutions.

Obstructions to the Passage of Fish—

1. This subject has recently been reported on by the Inspector of Salmon
Fisheries for Scotland.

Pollutions

—

1. No.
2. Communications are in progress with the Burgh of Nairn as to pollution

from their sewage farm.

The Salmon Disease

—

1. No.

The Spawning Season

—

1. 4th November.
2. 12th November to 16th December.
3. Middle of January.

4. Between low water and half-flood

.

5. Above average.

6. The Nairn and Inverness Burn

Kelts—

1. The middle of January.
2. March.
3. By 10th April.

4. Half-flood.

Smolts

—

1. 20th April.

2. Above average.

Artificial Propagation of Salmon

—

No hatchery in this district.

Proportion of Male to Female Salmon

—

On an estimate the males slightly exceed the females.

General Question

—

No.

None,
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THE DISTRICT OF THE RIVER NESS.

Take of Fish—

1. (a) and (c) Above the average
; (6) and {d) about the average.

2. (rt) No
; (/)) can't give number, fixed engines above the average

;
(c)

can't give the number.
3. (a) 11th February

;
{h) June, July, and August

;
(c) July and August.

4. Can't say.

5. (a) Salmon 43 lbs., net and coble at Cleandry Point
; (6) salmon 36| lbs.

(Eathie), 39 lbs. (Cromarty)
;

(c) can't say.

Protection

—

3. One superintendent and three permanent, with four temporary bailiffs.

4, One prosecution, contravention of the Salmon Fisheries (Scotland) Act,

1868, for attempting to take salmon with an illegal engine, an otter
;

fined £2, with £1 10s, expenses.

Obstructions to the Passage of Fish

—

1. None.
2. The dams and hecks are worked according to bye-laws, no cruives.

3. No.
4. Not with low water in river in case of river Morrison, which is being put

in order now.
5. None.
6. No changes.

Pollutions

—

1. None.
J

2. No pollution.

The Salmon Disease

—

No disease.

The Spawning Season

—

1. The middle of October on the upper reaches.

2. About the end of December.
3. The end of January.
5. More.

6. The upper part of the Ness and the small rivers that feed Loch Ness.

Kelts—

1. 11th February.
2. March and April.

3. About the beginning of May.
4. Taken by standard gauges.

Smoits

—

1. April, May, and June.
2. About an average.

Artificial Propagation of Salmon

—

Lord Burton's Glenquoich private hatchery.

Proportion of Male to Female Salmon

—

Cannot say—river not been netted at this time for years.

General Question

—

The Superintendent of the Board complains very much of the havoc among
fry due to sea birds, i.e. cormorants, gulls, and divers.

None.
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THE DISTRICT OF THE RIVER CONON.

Take of Fish—
1. (a) and (h) Salmon and grilse below the average

;
(c) about the average

;

{d) below the average.

2. The lessees of the salmon fishings are not disposed to give the information.

3. (a) 11th February, when fishing opened
; (6) the main take of salmon was

in March and April, the main take of grilse in July
;

(c) grilse

ran from the mid<ile of May till the end of the fishing, clean sea-trout

in tidal waters of Conon at all seasons.

4. (a) and (6) No means of getting exact numbers.
5. (a) Several were caught weighing 21 lbs.; (/>) about 26 lbs,; (c) about

18 lbs.

Protection

—

1. £3107 17s. lid.

2. Is. Id. per £ for year from Whitsunday 1902, to Whitsunday 1903.

3. One permanent bailiff and four temporary watchers in spring, and one
temporary watcher in autumn for about five weeks.

4. None in 1902.

Obstructions to the Passage of Fish

—

1. Nil.

2. There is one dam in this district ; it is not worked in accordance with the

bye-law (Schedule F). There are two cruives in this district
;

they

are worked in accordance with the the bye-law (Schedule G) regulating

the same.

3. No.
4. Yes.

5. No.
6. No.

Pollutions

—

1. There are no pollutions in this district.

The Salmon Disease

—

1. There is no salmon disease in this district.

' Th Spawning Season

—

About the middle of October.

2. From the 5th till the 20th November.
3. In the middle of December.
4. High flood, half-flood, and low,

5. More than last season. There was a splendid show of spawning salmon

and grilse in the middle waters.

C>, There are good spawning grounds in the river Conon from the tidal

waters. The principal spawning streams are 18 on the river Conon,

12 on the river Meig, 8 on the Blackwater, and 4 below the Falls of

Orrin. There is a large quantity of spawning ground above the Falls

Conon, Rogie, and Orrin.

Kelts—

1. In the last week of February.
2. From the middle of March to the end of April.

3. In the last week of May.
4. Flood, half-flood, and low.

Smelts

—

1. In the last week of March, April, May, and the first week in June.

2. Yes
;
splendid.
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Artiticial Propagation of Salmon

—

There is a salmon hatchery in this district at Conon Bridge. It partly

belongs to Colonel Mackenzie of Seaforth and partly to the District

Board. It is capable of hatching from 180,000 to 200,000 ova. In

consequence of the river being in flood during the spawning season I

was unable to secure a sufficient number of salmon eggs to fill the

hatchery.

Proportion of Male to Female Salmon

—

When netting the river Conon for spawning salmon in November we caught

two males to one females.

THE DISTRICT OF THE RIVER ALNESS

Take of Fish—
1 . (a), (6), (c), and {d) Below the average.
•2. No.
3. {a) Month of May

;
{h) July and August

;
(c) July.

4. Can't say.

5. (a) Heaviest salmon 25 lbs., heaviest trout 5 lbs.; (c) heaviest salmon
about 12 lbs.

6. Yes ;
grilse and salmon as a rule heavier.

Obstructions to the Passage of Fish

—

1. No dams destroyed or new dams altered.

2. Yes, so far as regards the Alness river, but on the Balnagown river some
of the old dams are not quite according to the Act, but the worst dams
have been altered so that now fish can get up the river when in Hood.

4. Yes, when there is water enough in the river.

5. No.
6. No.

Pollutions

—

1. No.

The Salmon Disease

—

1. No salmon disease in our district.

The Spawning Season

—

1. Sea-trout about 15th September, salmon and grilse about 25Lh September.
2. Between 1st and 20th of November.
3. Spawning finished about end of December.
4. About half-flood.

5. Less.

6. Upper reaches of Alness river.

Kelts—
1. About 1st March.
2. April.

3. June.
4. Flooded.

Smolts

—

1. About middle of May.
2. Very good.

Artificial Propagation of Salmon

—

A hatchery in our district about three miles from the sea. About 60,000
ova last year. The hatchery belongs to the D istrict Board.
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Proportion of Male to Female Salmon

—

Gan't Bay.

General Question

—

The continued prevalence of poaching by Cromarty fishermen by means ol

trawl nets in the Cromarty Firth,which results in the great destruction

of sea-trout and a quantity of salmon. The poachers, when the

bailiffs come upon them in numbers, drop the sea-trout in a weighted
bag into deep water, and declare they were fishing for white fish. The
Procurator-Fiscal will not prosecute under the Fishery Board bye-law.

as it applies to white fish only, and he (the P.-F.) says he knows the

fishermen were fishing for sea-trout. On the other hand, the Sheriff

will not convict for poaching unless proof can be led that fish of the

salmon kind were seen in possession of the fishermen.

No change.

THE DISTRICT OF THE KYLE OF SUTHERLAND.

Take of Fish—
1. About the average generally throughout the district.

2. The number cannot be given, as the lessees refuse to give information on
this head. The catch, however, was a very good one by net and rod.

3. {a) In February; {h) in May and June
;

(c) in July and August.

4. It is not possible to condescend on numbers in either case (a) or (6).

5. {a) 37 lbs., by net and coble
;

(c) 32 lbs.

6. No.

Protection

—

1. £3522 10s.

2. Is. 6d. per £.

3. Sixteen watchers in all.

4. One for allowing intake sluice to stand open while mill not being worked
—result, "fined."

Obstructions to the Passage of Fish

—

1. None.
2. So far as possible.

3. Fish-pass improved at Evelix, Dornoch.
4. Yes.

5 and 6. No.

Pollutions

—

1 and 2. No.

The Salmon Disease

—

1. Yes, slightly in August, November, and December
2. Low.
3. About 100, all kelts.

The Spawning Season

—

1. About 1st September.

2. Between 25th October and 25th November.
3. End of December.
4. Normal size.

5. More than usual.

6. Carron, Oykell, and Cassley.

Kelts—
1. 20th November.
2. In March.
3. In June.

4. In flood most of the time
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Smolts

—

1. In May.
2. Yes.

Artificial Propagation of Salmon

-

Yes, one is supported by the District Board at Culrain, and 140,000 ova

were secured for it. There is also one at Skibo, supported privately

by Mr. Carnegie, in which 80,000 ova were hatched.

Proportion of Male to Female Salmon

—

During the collection of ova for artificial purposes it is found that the

proportion of male to female salmon is 4 to 1.

General Question

—

No.

The new Board, elected on 18th October 1902, is as follows :— 1, Sir Charles

Ross, Bart, of Balnagown, Chairman : 2, His Grace the Duke of

Sutherland; 3, W. E, Gilmour of Glencassley
; 4, F. F. Gervers of

Amas—upper proprietors
; 5, Andrew Carnegie of Skibo

; 6, Alexander
Littlejohn of Invercharron; 7, the Trustees of the late R. B. A. Macleod
of Cadboll—lower proprietors.

SUTHERLAND, EAST AND WEST COAST DISTRICTS.

[^West Coast returns in italics.^

Take of Fish—
1. About average.

2. (a) 653 salmon, 1039 grilse, 248 trout
;

(h) ISj^I salmon, 8716 grilse,

189 trout ^{West Coast); (c) Helmsdale, 540 salmon; Brora, 348
salmon.

3. (a) 17th February ; West Coast, end of May ; (b) May ; West Coast, June
and July ; (c) From end of May till end of July.

4. (a) March, salmon 18*2 percent.; April, salmon 20*4 per cent.; May,
salmon 31-4 per cent., grilse 2*0 per cent, trout r6 per cent.; June,

salmon 12*1 per cent., grilse 41*2 per cent., trout 42*4 per cent.; July,

salmon 13*3 per cent., grilse 40*6 per cent., trout 40*7 per cent,;

August, salmon 4*6 per cent., grilse 16*2 per cent., trout 15*3 per cent.

—100 per cent.; April, salmon 2'8 'per cent., trout 3-2 per cent.;

May, salmon 14'8 per cent., grilse '6 per cent., trout *5 per cent.;

June, salmon 22'7 per cent., grilse 31'8 per cent, trout 25'
Jf, i)er cent.;

July, salmon .!f,5'If per cent., grilse SO'l per cent, trout 67'2 per cent;

August, salmon IJ^'S per cent, grilse 7 '5 per cent., trout 3'7 per cent.—100 per cent.

5. (a) East Coast, 32| lbs.; (6) West Coast, 50 lbs.; (c) East Coast 24| lbs.

West Coast 24^ Ihs.

6. No.

Protection

—

1. East Coast, £2160 ; West Coast, £1317. This amount entered in Valua-
tion Roll, but the angling is nearly all let with the shootings and no
separate rent stated. If let separately the value of fishings would
stand at a much higher tigure.

2. None.
3. Four, in addition to keepers, who assist in watching.
4. No.

Obstructions to the Passage of Fish

—

1. None.
2. Yes:

3. No.
4. Yes.

5 and 6. No.

* West Coast mts taken off on Friday at 6 p.m. tiU Monday at 6 a.m. during July and
August.
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Pollutions

—

1 and 2. No.

The Salmon Disease

—

1, Practically no disease, only four diseased lish been on East Coast, and
none on West.

2, Rather high.

3, The few tish got were in November and December—2 in November and
2 in December, 2 male kelte in November and 2 in December.

The Spawning Season

—

1. 10th October.

2. 20th October and 20th November. West Coast frata ynkldle of November
to beginninn of JJecemhe):

3. End of November.
4. Irregular, but generally above average level.

5. East Coast, more; West Coast more numerous than for several years.

6. Brora, Helmsdale, Fleet, Inver, Kirkaig, Laxford, and Inchard, with their

tributaries.

Kelts

—

1. East Coast, 8th January ; West Coast., first week of April.

2. March and April.

3. End of Mayer beginning of June.
4. High.

Smolts

—

1. 10th and 25th of April.

2. Yes.

Artificial Propagation of Salmon

—

One hatchery on the Brora and two on the Helmsdale, both belonging to the

Dake of Sutherland—Brora, about 100,000 ova
;

Helmsdale, 750,000
ova.

Proportion of Male to Female Salmon

—

Cannot estimate with any certainty, but males predominate.

General Question

—

No.

None.

SUTHERLAND, NORTH COAST DISTRICTS.

Take of Fish

—

1. (a) Considerably above
; (6) slightly above

;
(c) slightly below

;
{d) better.

2. (a) and (6) Salmon, 1173
;
grilse, 10,376 ;

trout, 79 ; these figure include

rivers Strathy and Armadale
;

(c) about 700 lisli.

3. (a) March
;
{h) May ; (c) June and July. Very few sea-trout; below last

year.

4. Not possible.

5. (a) About 26 lbs.
; (6) about 41 lbs.

; (c) about 32 lbs.

6. Both salmon and grilse fully above average.

Protection

—

1 and 2. No assessment.

3. Six.

4. None.

Obstructions to the Passage of Fish

—

1. Dam across river Naver at bottom of Loch Naver repaired.

2. Yes.

3. No.
4. Yes.

5. None.
6. Nothing.



of the Fishery Board for Scotland. 45

Pollutions

—

None.

The Salmon Disease

—

No Disease.

The Spawning Season

—

1. 24th October.

2. 25th October and 16th November.
3. About the end of November.
4. Low.
5. More than for several years,

6. As before.

Kelts—
As before.

Smelts—
As before.

Artificial Propagation of Salmon

—

As before.

Proportion of Male to Female Salmon

—

As before.

General Question

—

No.

Durness and Strathy property, including rivers Dionard, Polla, Strathy,

and Armadale, has been sold to W. E. Gilmour of Rosehall, &c.

THE DISTRICT OF THE RIVER SLWAGHAN, BROADFORD
AND PORTREE (SKYE).

Take of Fish—
1. Above the average (especially grilse). No tidal fishing with nets,

only by fixed engines.

2. Have no idea of rod-caught fish, and we have not asked Messrs. Johnstone
for numbers ; there are no other net fishers in district.

3. (a) Very few taken before May
; (6) August

;
(c) grilse, beginning of

June
;
scarcely any sea-trout killed, unless in lochs.

4. Run of fish varies according to weather ; heaviest percentage was in

August this year, and plenty fish on coast, especially salmon when
nets closed.

5. Salmon, 46 lbs.; grilse, 13 lbs.

Protection

—

1. £540.
2. A sum of £12 was ret^uired for the year, but instead of levying an assess-

ment it was divided equally and paid by the several proprietors.

3. All the gamekeepers are employed as watchers, 11 in number.
4. No.

Obstruction to the Passage of Fish

—

4. Yes.

Pollutions

—

1. None.

The Salmon Disease

—

1. Never been seen any year.

3. None.
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The Spawning Season

—

1. From 1st December and chiefly that month.
'1, 3, and 4. Cannot say, rivers are small.

5. More.
6. There are many, but chiefly Skaebost river.

Kelts—
1. None seen unless a few in the rivers.

-1 and 4. Cannot say.

3. In May.

Smolts

—

1 and 2. Cannot say.

Proportion of Male to Female Salmon

—

When fish are heaviest, female tish are 3 to 1 ; but the female fish stood

well up to end of fishing.

General Question

—

None.

The triennial election took place in 1902. Chairman, Kenneth L.
MacDonald, Esq. of Skirinish, Commissioner for Lachlan MacDonald,
Esq. of Skaebost

;
Secretary and Treasurer, Kenneth MacRae, writer,

County Buildings, Portree.

THE DISTRICT OF THE RIVER LOCHY.

Take of Fish—
1. Below the average.

3. (a) 4th March
; (6) end of June and July

;
(c) middle of June.

4. None.
5. (c) 38* lbs.

Protection

—

1. £2306.
2. Id. per £.

3. Eleven.

4. Yes, three prosecutions; (1) salmon poaching in estuary, 2 men, fined £1
penalty and l()s. expenses each

; (2) salmon poaching in river Lochy,
3 or 4 together—one caught—penalty £2 and 10s. expenses

; (3)

salmon poaching in river Lochy, 2 men—one man fined £2 10s. and
10s. 6d. expenses, and the other £1 penalty and 10s. 6d. expenses.

Obstructions to the Passage of Fish

—

1, 2, and 3. None.
4. Yes.

5 and 6. No.

Pollutions

—

1 and 2. None,

The Salmon Disease

—

1. No.

The Spawning Season—
1. First week in November.
2. 25th November and 20th December.
3. End of December.
4. Medium.
5. Less.

6. Roy, Cour, Nevis, Loy, Arkaig, Spean, and Lochy.
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Kelts—
1. Not noticed.

2. March.
3. End of April.

Smolts

—

1. Middle of May.
2. No.

Artificial Propagation of Salmon

—

Yes, on Cour, about 100,000 ova.

Proportion of Male to Female Salmon

—

No enumeration kept
;
generally one-fourth more females than males.

General Question

—

None.

None.

THE DISTRICT OF THE RIVER AYR.

Take of Fish—
1. There has been no fishing except by rod and line in the river, and

fish in autumn were much more numerous than formerly,

2. No.
3. At the usual time.

4. None used.

5. (c) About 26 lbs.

Protection

—

1. £110.
2. 8s. per £.

3. One.
4. None.

Obstructions to the Passage of Fish

—

1. None.
2. The dams now fairly passable.

4.
" Yes.

5 and 6. No.

Pollutions

—

1 and 2. No,

The Salmon Disease— '

1. None.

The Spawning Season

—

1, 2, 3, and 4. Not known.
5. About the average.

6. The Ayr and tributaries.

Kelts—
1, 2, 3, and 4. Not known,

Smolts

—

1. Not known.
2. Yes.

Artificial Propagation of Salmon-
No.
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Proportion of Male to Female Salmon—
]No.

General Question

—

No.

None.

Take of Fish—
1. Above the average ; {a) the mouth of the river Doon was not netted.

2. No.
3. (a) Early in February

; (/>) July and August
;

{c) grilse in July, sea-trout

in June.
5. (a) In nets, about 40 lbs.

;
(c) by rod , about 25 lbs.

6. More heavy fish than usual.

Protection

—

1. £473.
2. Is. 6d. per £', or in all £35 9s. 6d.

3. Two.
4. No.

Obstructions to the Passage of Fish

—

1. None.
2. Yes.

3. No.
4. Generally.

5 and 6. No.

Pollutions

—

1 and 2. No.

The Salmon Disease

—

1. No.

The Spawning Season

—

1, 2, 3, and 4. Not known.
5. Rather more.
6. The Doon itself.

Kelts—
1, 2, 3, and 4. Not known.

Smolts

—

1. May.
2. Fairly good.

Artificial Propagation of Salmon

—

No.

Proportion of Male to Female Salmon —

THE DISTBICT OF THE ElVEK DOON

General Question

—

No.

None.
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THE DISTRICT OF THE RIVER GIRVAN.

Take of Fish—
1. (a) None

; (6) below average
;

(c) yes
;

(d) yes, supposed to be much
above the average.

2. (a) None
;

(h) cannot give any idea of numbers, but the fishing was much
heavier than it has been for many years past—on two or three

occasions 100 fish were taken by one lessee in the morning catch to the

writer's knowledge
;

(c) two or three salmon and a few sea-trout,

3. (a) Early in April
;

(b) July
;

(c) about middle of June.

5. (a) None
;
(b) 49 lbs.

6. Good, but not remarkable.

Protection

—

1. £553.
2. 6d. per £, or £13 16s. 6d.

3. One.

4. None.

Obstructions to the Passage of Fish

—

1. None.
2. Generally speaking, ves.

3. No.
4. Yes.

5. No.
6. No.

Pollutions

—

1. Yes, the river has been very badly polluted since February 1902 by the

water pumped from Dalquharran Colliery, Dailly.

2. An attempt was made to remedy the pollution by means of settling and
precipitating ponds, but these were abandoned owing to the expense.

It seems probable that an action for interdict will be raised against

the proprietor causing the pollution.

The Salmon Disease

—

1. No disease.

The Spawning Season

—

Kelts—
Nearly all killed owing to pollution.

Sniolts

—

Nearly all poisoned.

None.

THE DISTRICT OF THE RIVER STINCHAR.

Take of Fish—
1. A good average.

2. No.
3. (a) 9th April

; (6) and (c) August.
4. The run of salmon is becoming later, (a) The percentage of fish taken

was as follows :— April, 3 small fish
;

May, 3 per cent.
;
June, 12 per

cent.
;
July, 40 per cent.

;
August, 45 per cent.

5. (a) 37 lbs.—8 lbs. (trout)
;

(c) 3U lbs.

6. Yes,
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Protection

—

1. £400.
2. £17.
3. One the whole year, and one extra at spawning time.
4. No.

Obstructions to the Passage of Fish

—

1. None.
2. Yes.

3. No.
4. Yes.

5. No.
6. No.

Pollutions

—

1. No.
2. No.

The Salmon Disease

—

1. No disease.

The Spawning Season

—

1. 3rd December.
2. December and January.
3. About 1st February.
4. High.
5. Average.

6. Stinchar, Drisk, and Nig.

Kelts—
1. 3rd March.
2. End of March and beginning of April.

3. About 1st May.
4. Low.

Smolts

—

1. April and May.
2. Yes.

Artificial Propagation of Salmon

—

No.

Proportion of Male to Female Salmon

—

Larger proportion males, but this is based upon estimate.

General Question

—

No.

THE DISTRICT OF THE RIVER CREE.

Take of Fish—
1. No special information, but the general opinion is that the take of fish

has been a little above the average. This does not apply to the stake

nets at Innerwell, near Garliestown, where the take seems to be
regularly falling off, and was this year very bad.

2. No information.

3. (a) No information
; (6) in July

;
(c) no information.

4. No information.

5. No information.

6. No information.
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Protection

—

1. £796.
2. £16 lis. 8d.

3. Four.

4. No.

Obstructions to the Passage of Fish—
1. No alterations.

2 and 4. Yes.

3, 5, and 6. No.

Pollutions

—

1. No.
2. No changes.

The Salmon Disease

—

No disease.

The Spawning Season

—

1, 2, 3, 4, and 5. No information.

6. High Cree, High Minnick, and burns running into these high waters

Kelts—
1, 2, 3, and 4. No information.

Smolts

—

1 and 2. No information.

Artificial Propagation of Salmon

—

No.

Proportion of Male to Female Salmon

—

No changes.

THE DISTRICT OF THE RIVER DEE {SOLWAY)

Take of Fish—
1. Average.

2. No.
3. (a) March

;
{h) July; (c) June.

;
5. Heaviest salmon, 35 lbs.; (a) by net and coble.

Obstructions to the Passage of Fish

—

1. None.
2 and 4. Yes.

3 and 5. No.
6. None.

Pollutions

—

1 and 2. No.

The Salmon Disease

—

1. No.
2. No disease.

General Question

—

No.
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Tlie Spawning Season

—

1. November.
2. End of December.
3. About 1st January.
4. About the average.

5. Usual.

(). The Dee and Tarff.

Kelts

—

1. Ist March.
% End of March.
3. May.
4. Average.

Smolts

—

1. 1st April,

2. Yes.
^

Artificial Propagation of Salmon

—

None this year.

Proportion of Male to Female Salmon

—

Take of Fish—
1. (a), (/)), and {d) Below the average

;
(c) nil.

2. (a), (6), and (c) Cannot be ascertained.

3. (a) 17th March
;

{h) during June
;

(c) June and July.

4. {a) and (6) Cannot be got.

5. (a) 25 lbs.
;

(c) 23i Ibsl

0. No.

Protection

—

1. £545 6s. 8d.

2. 10s. per £.

3. One bailiff employed permanently, and two additional bailiffs for three

month in height of season, also twenty gamekeepers sworn in as

special watchers.

4. Yes, two cases—one under Section 33 of the Salmon Act of 1862 (taking

salmon with a paidle net), lined £1 and 30s. of expenses, or two
months' imprisonment, and fish and nets forfeited valued at £20 ; the

other under Section 15 (1) of the Act of 1868, fined £2 and 36s. of

expenses, or one month's imprisonment.

Obstructions to the Passage of Fish —
1. No alteration.

2. There is one cruive in the district, which is substantially in accordance

with the bye-law ; most of the dams are not,

3 and 5. No.
4. Fairly, except when the streams are low.

6. No changes.

Pollutions

—

1. A public steam laundry has been opened in Dumfries.
2. The scheme for the purification of the Nith from the sewage of the town

is at length being started.

General Question

—

No.

None.

THE DISTRICT OF THE RIVER NITH.
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The Salmon Disease

—

1. Very few diseased fish were noticed, and only during the spring

2. When the river is low.

3. No.

The Spawning Season

—

1. In November.
2. During December, January, and February.

3. Beginning of March.
4. After floods ; medium level.

5. Less.

6. Much the same throughout the district.

Kelts—
1. In March.
2. April and May.
3. In end of May.
4. Generally in a rising water.

Smolts

—

1. May and June.

2. Fair.

Artificial Propagation of Salmon

—

None belonging to the Board ; but there is the hatchery of the Solway
Fishery Company (Limited) at Newabbey.

Proportion of Male to Female Salmon

—

No.

General Question

—

No.

None.

THE DISTRICT OF THE RIVER ANNAN.

Take of Fish—
1 (a), (6), (c), and {d) About an average.

2. The occupiers of the different fishings say they do not keep a record of

the numbers caught, therefore this cannot be given.

3. {a) 27th February; (6) best takes 3rd, 4th, and 5th September
;

(c) grilse

commenced to run middle of June (best takes 12th to 31st July)
;

sea-trout commenced to run 28th February (best takes 14th to 28th
June).

4. As a record is not kept at the difierent fisheries this cannot be given.

5. (a) No net and coble fishing in this division
;

(h) 40 lbs., on Loch Fishery,

belonging to Earl of Mansfield (one 43 lbs., caught with haaf net on
Annan Burgh Fisheries, and one bull trout, 12 lbs., in stake nets on
Newbie Fishery, belonging to Mr. Mackenzie)

;
(c) 35 lbs., on Newbie

portion of the Annan.
6. No, not particularly, but it was noted they were of very fine quality,

especially the grilse.

Protection

—

1. £3196 10s.

2. £479 9s. 6d.

3. Four (three at Annan and one at Lochmaben).
4. Three for contravening Section 33 of Annan Act, fined each £2, and 148.

expenses; three for contravening Section 15 (Sub-section 2) of Salmon
Act, 1868, fined, one £3, one £2, and one £1, and 10s. of expenses each;
three for contravening Section 21 of Salmon Act, 1868, fined, one £1
and £1 expenses, other two £l and 10s. each of expenses.
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Obstructions to the Passage of Fish

—

1. No alteration.

2. No cruives in district. Dams—Yes, with the following exceptions, viz. :

—

On the Annan—There is not a heck at tail of the mill-race at Bryde-
kirk Mill, belonging to Francis Henry Wilson, merchant, Bridgend,
Annan. On the Kirtle—At Beltenmount Mill, belonging to Miss
Ann Beattie, 13 Church Street, Annan, no heck at intake or tail of

mill-race, and never was ; at Kirtlebridge Mill, belonging to the

trustees of the late John Irving, per H. C. Irving, Esq., Burnfoot,

Ecclefechan, no heck at tail of mill-race, and never was. On the

Mein—At Mein Mill, belonging to the Duke of Buccleuch, no heck at

intake or tail of mill-race, and never was.

3. None.
4. Yes ; with exception of the one at Beltenmont Mill referred to.

5 and 6. No alterations.

Pollutions—
1 and 2. None.

The Salmon Disease

—

1. Yes, first seen 20th January ; at its height during March and April

;

disappeared with a flood on 20th and 21st April.

2. Medium.
3. Yes ; six in March, of which three were male and three female (five kelts

and one clean), and eight in April, of which three were male and five

female (four kelts and four clean).

The Spawning Season

—

1. 1st December.
2. During January.

3. Last seen 12th March.
4. Medium.
5. A good average.

6. Northfield, Mount Annan, Luce, Meinfoot, Hoddam Bridge, Mainholm,
and Rotchell, on the Annan.

Kelts—

1. 22nd February.

2. About end of February.

3. 21st April.

4. High.

Smolts

—

1. Laat week in April and during May.
2. A good average.

Artificial Propagation of Salmon

—

None in district.

Proportion of Male to Female Salmon

—

This cannot be accurately given, as notes are not taken at the different

fisheries.

General Question

—

Nothing further than that it would be well still to keep in view the

complicated state of the Acts of Parliament referring to the Solway.

No changes.
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APPENDIX II.

A COMPAKISON OF THE KELATIVE RESULTS OF CERTAIN"
NET FISHERIES. SEASON 1902.

BY

W. L. CALDERWOOD,

Inspector of Salmon Fisheries for Scotland.

I have been favoured with statements, from three separate localities in

Scotland, giving the actual numbers of salmon, grilse, and sea-trout taken

each day of the season of 1902. For the extremely interesting and valu-

able information supplied, I desire to thank the Harbour Commissioners

of Aberdeen ; Dr. Almond,* who exclusively nets the Kyle of Sutherland

;

and Mr. Charles Turner, who exclusively nets the river Nith in Dumfries-

shire. Before comparing the results it is necessary to state that the

Aberdeen Harbour Commissioners have three distinct fisheries in the Dee
District—one, the Midchingle Fishery, situated in the tidal waters or

lowest reaches of the river Dee, and which is carried on by net and coble

alone ; the Raik and Stell Fishery on the coast to the north of the river

mouth, carried on by means of bag net and fly net; and the Greyhope
Fishery on the coast to the south side of the river mouth, including the

nets on the south breakwater, carried on by means of bag net alone. The
Kyle of Sutherland net fishing consists, as at present worked, of six net and
coble shots in the tidal waters of the united Shin, Oykell, and Carron at the

Kyle near Bonar Bridge. The Nith Fishery is also worked by net and
coble in the tidal waters ol that river from the caul or weir of Dumfries
downwards, a certain amount of supplementary fishing being carried on by
means of haaf net.

In the results which I now give, in the form of charts of curves

showing relative produce without giving numbers of fish, it is further

necessary for me to state that, while the Kyle and Nith results include all

fish taken by means of net, there are net fishings in the river Dee other

than those of the Aberdeen Harbour Commissioners. These other

fishings are in the fresh water, farther up the river, and while I am
unable to state how the Midchingle Fishery may compare with any of

the others, we may recollect that the Harbour Commissioners have, as it

were, the first chance of netting each run of fish which enters the river.

In the three localities which I am now able to compare, it will be con-

venient first to call attention to a few points of interest in the Dee
results—the Dee being an early river and in a state of high efficiency

—and then to compare the conditions there found with those of

the northern fishery and then those of the southern fishery, where, in the

Nith, we have an example of a river in which many influences have com-
bined to diminish the stock of fish, and which unfortunately we must
now consider as a late river in a low state of efficiency.

* Deceased since the above was written.
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Raik and Stell Coast Fishery, Dee District.

A glance at the curve for salmon shows at once that abundance of fish

were on the coast to the north of the river's mouth at the opening of the

season. The eight first days were indeed the best of the fishing, the only

days which approached the same results being two days of an autumn run
on 11th and 12th August. The condition of the stock of fish between the

spring and autumn is sufficiently indicated by the sharply varying but

never high black line.

The curve for grilse gives the most marked feature of the chart.

Appearing at intervals from the middle of April onwards, a very great

catch is heralded in the middle of June, reaches a remarkable climax on
23rd June, and lasts well through July, while simultaneously with the

good autumn supply of salmon the grilse curve again rises on 11th and
12th August. We are not dealing here with any conditions of water-flow,

ii should be recollected. This is a fishing on the open shore. Yet large

captures of salmon and of grilse occur exactly together in August—indeed,

from 28th July to the end of the season the salmon and grilse curves

follow one another with striking exactness.

The curve for sea-trout is chiefly remarkable because of its insignificant

character, but in view of the fact that the sweep nets in the river catch

(as shown by the chart for the Midchingle Fishery) large quantities of

sea- trout, one must believe either that sea-trout, unlike salmon, take

a direct course from the sea into fresh water, or, as seems likely,|being

fish of small size, they pass through the leaders of the bag nets.

GreyHOPE Coast Fishery, Dee District.

The results from this fishery do not lend themselves to illustration by
means of curves. They are extremely intermittent, and the numbers are

far below those of the Raik and Stell. Like the other, however, the

best fishing is seen to be at the opening of the season, but no increase in

the intermittent summer condition of the record occurs during August.

Grilse begin to appear in May, become fairly steady during the latter half

of June, and the highest figure is reached on_] 2nd July. The day on

which the Raik andjStell maximum occurred was a good day, as was

also 16th June, but even the 2nd July shows a result well below the late

run of grilse which is shown for Raik ami Stell on the 11th and 12th

August. Sea-trout are seldom taken. The inference which one seems

led to by the diff'erent conditions on the north and south sides of the

river's mouthy is that the fish approach the mouth of the Dee from the

north side.

Midchingle River Fishery, Dee District.

In the chart showing the product of this fishery we are struck at once

by the sea-trout curve. Instead of being insignificant or almost absent, as

in the coast fisheries, the sea-trout here assumes the prominent place.

Sea-trout are present at the beginning of the season, and last throughout

the season. From 23rd April a succession of almost weekly steps rise

higher and higher till the maximum is reached on 11th July, when, by

three abruptly descending steps, a low level is reached for the last three

weeks of the season. Grilse appear in the river three days after they show

in the north side coast nets, and the decided summer run begins at a

corresponding time. But the prominent grilse run is over by the first

week of July, and the conditions are entirely different thereafter than

those shown in the case of the Raik and Stell Fishery, Through June
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and the first week of July, however, the grilse and sea-trout curves are

seen to approximate, the grilse curve being at its highest on the 27th

June. In the salmon curve for the river we miss any notice of the large

stock of fish found on the coast at the opening of the season.

Kyle of Sutherland Net and Coble Fishing.

The chart which I present showing the results of this fishery is on

precisely the same scale as the two charts already referred to. It has a

character of its own, and yet exhibits certain conditions common to the

two Dee charts. Grilse predominate, as in the Raik and Stell chart,

and there is a good series of sea-trout runs during June and July, as in

the Midchingle Chart. Grilse, however, do not appear till the middle of

May, and the maximum is reached in July rather than in June. The
occurrence of sea-trout is insignificant till the middle of June. It will be

seen, therefore, that the main runs of both grilse and sea-trout are rather

later than is shown in the case of the Dee, and that the sea-trout season

is more concentrated.

The most characteristic feature is, however, seen when we turn to the

curve for salmon. There i^^ no well-defined run of fish at the opening of the

season. February and March are almost blank, and April shows a less result

than in the case of the Dee. In May, however, a run of salmon commences
which is not only much steadier but which rises to a higher level than does

any run at this season in the Dee, whether river or coast, so far as these

records show. It is not so great as the bag-net record for the opening of

the Dee coast season, but is just beyond the level of the August Dee coast

return. As Dr. Almond ceases netting at the end of July, or did so in

1902, we have nothing to show what relative head of fish may have been
present in the Kyle in August. The Midchingle record shows nothing
to approach this early summer run of salmon in the Kyle of Sutherland.

That the catch of salmon should have reached its maximum on the last

day of May seems, however, to be a somewhat exceptional condition in

the Kyle. In Appendix II. of the Report of the Eoyal Commission on
Salmon Fisheries, p. 7, monthly results of Dr. Almond's fishing are given

in weights for the years 1897-1900 inclusive. In this Table, although
the month of May shows a steadily increasing figure, June is always
better, and July is invariably best. From this return we also learn that

the Kyle was fished in August during 1897 and 1898, and that during
these seasons no recovery of the earlier summer run occurred, the return

showing figures less than those given for the month of April in each year.

River Nith Net and Coble Fishing.

Turning now to this southern river, it is necessary first to state with
reference to the chart of curves that in this case, the numbers of fish

being very much less than in the Dee and Kyle Districts, the scale upon
which the chart has been prepared has been increased two-fold. In other
words, the number of fish included in the square is half that of the other
charts.

Fish do not appear till the last week of March, and all through the
season salmon are neither numerous nor constant in supply. Grilse also

do not make their appearance till the middle of June, nor do they occur
m a constant run. They appear in six small separate runs, the maximum
being reached on 15th July. The Dee grilse, on the other hand, are
running constantly in June, and the main run ends with the first week of

July. The Kyle grilse run constantly through both June and July, which
is the condition also shown in the Dee coast fishery chart.
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The one steady run of fish in the Nith is shown by the sea-trout curve.

This begins in the middle of April and continues till the end of June.

It may very well be that the three isolated runs shown in July, when
salmon, grilse, and sea-trout occur simultaneously, are accounted for by
suitable conditions of water-flow occurring in the river otherwise reduced

to summer level, but the spasmodic condition of the salmon curve

throughout the season seems to point, undoubtedly, to a seriously reduced

condition of the fishery.







River Dee (AbeFdeenshire).—Midehingle Fishery—Season 1902.
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APPENDIX IIL

THE OBSERVANCE OF THE WEEKLY CLOSE TIME.

A Rbpout by Mr. W. L. Calderwood, Inspector of Salmon Fisheries

FOR Scotland, on an Examination of certain Coast Salmon
Fisheries.

Complaints have frequently been received concerning the non-observance

of the weekly close time, more especially at distant or isolated parts of

the coast. It frequently happens that such portions of coast can only

be reached with great difficulty, by land—in the North-West Highlands

indeed, it frequently happens that there is no road within many miles

—

so that local supervision is extremely difficult. Also the fact that a

certain amount of the wages received by bag-net fishermen is in the form

of fish-money is in itself an inducement for men in remote localities to

allow their nets to remain in position over the Sunday, with or without

the knowledge of the tacksman.

In order to ascertain the actual conditions, in so far as these could be

learned from a surprise visit made to many points of coast during a single

close time, I arranged, with the consent of the Fishery Board and their

responsible officials, to obtain information by means of the four Fishery

cruisers and H.M.S. " Jackal," allocating a certain section of coast

to each vessel, and arranging that each should commence operations at the

same time. I myself acted as observer on board the cruiser "Vigilant."

Unfortunately a fog occurred on the Saturday on which observations

were to commence, and although this lifted in great measure, it continued

in certain localities to such an extent as to seriously interfere with the

work. On account of this fog the cruiser *' Minna " found it impossible

to leave her anchorage in Cromarty Firth.

The reports from the four other vessels are as follows :

—

[Table.
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Ship.—llM.^. "Jackal."

Observer.—Lieut.-Commander H. E. Sharp, E-.N.

Locality.—From one mile west of Nairn to Burgh Head
Report of Weather on Evening of Saturday, 28th June 1902.—Winc^

E.N.E., Force 2 ; sea smooth
;

very hazy.

No. Bag Net. Flv Net.
Leader in

Position.

T „ 1Leader
Removed.

Notes of Localit3\

1 X X

2 X X

3 X X

4 X X

5 X X

6 X X

7 X X

8 X X

9 X X

10 X X

11 X X
12 X X
13 X X

14 X X

15 X X

16 X X

17 X X

18 X X
19 X X

20 X X

21 X X
22 X X
23 X X
24 X X
25 X X 3^ miles west of R. Findhorr
26 X X

27 X X

28 X X

29 X X

30 X X
31 X X

32 X X
33 X X

34 X X
35 X X
36 X X

37 X X Near entrance to R. Findhc ,

38 X X
1

39 X X

40 X X

41 X X
42 X X

43 X X
44 X X

45 X

46 X ! X

47 X X

48 X
1

X
49 X X
50 X X

51 X X
52 X X
53 X X

54 X X

55 X X
56 X X
57 X X
58 X X
59 X X

60 X X

61 X X Burghead.

Result.—Of 61 nets examined, 4 fly nets were found at fault in having
leaders in position.

1
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Ship.—Fishery Cruiser " Brenda."

O^serre?*.—Captain G. Angus.
Locality.-—FvoTLi Buckhaven to Crail, Fifeshire.

Report of Weather on Evening of Saturday, 28^A June 1902.—Dense fog;

wind E., Force 4; sea comparatively smooth. (Observations

commenced at 9.30 a.m. on 29th June on weather clearing.)

No. Rap- Net, Fly Net.
Leader in

Position.

Leader
Removed.

nf Tinr-nlif.v

\

2 X X

3 X

4 X
5 X X

7 X

8 X X

9 X X

10 X
11 X X

12 X X

13 X X
14 X X
15 X X

16 X X

17 X X

18 X X

19 X X

20 X X

21 X X

22 X X

23 X X
24 X X

25 X X

26 X X

27 ^ X
28 X
29 X X

30 X
1

X

31 X

32 X

33 X

34
35

X

X
•^fiou X

o t X

38 X

39 X

40 X
41 X X

42 X X

43 X X

44 X X
45 X X
46 X X

47 X X
48 X X

49 X X

50 X X

51 X X
52 X . X

53 X X

54 X X

55 X >

56 X
!

X
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No. Bag Net. Flv Nph Leader in

Position.

Leader
Removed.

57 X X
58
59 X

60 X

61 X

62 X

63 X

64
65 X

66 X

67 X

68
69
70 X X

71

72 X X

73
74 X X
75
76

78 X X

79 X Till loAirnf^Qci

80
81 X X

82 X

83
84 X X dfl 1nl 1 p\JCix JJXlt^.

85 X

86
87
88

X

89 ^ X
90 X X

91 X X

92 X X

93 X X

94 X
.

X

95 X X

96 X X

97 X X Crail.

Result.—Of 97 nets examined, 30 bag nets were at fault in having leaders in position.

[Table.
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Ship.—Fishery Cruiser Vigilant."

Observer.—Mr. W. L. Calderwood.
Loccdity.—Isles of Skye and Raasay, Gare Loch and Loch Torridon.

Report of Weather on Evening of Saturday, mh Jane 1902.—Wind N.E.
by E., force 1-2, falling at sunset to dead calm. No cloud, sea smooth.

No. Bag Net. Fly Net.
Leader in

Position.

Leader
Removed.

Notes of Locality.

1 X y

- _..

Point of Sleat, on Skye shore,
2
3

X

X
X
X

going north.

4 X X
.) X X

X X
7

8 X
X
X

9 X X
10 X X
11 X X
12 X X

X X
14 X X
15 X X
16 X X
17 X X
18 X ^

i19 X X
20 X

21 X X Balmacara.
22
2.3

X X
X X Skye (cont.) from Portree,

24 X X going north.
25 X
26 X ^
27 X X Eilean Holm.
28 X X
29 X X
30 X X
31 X X
32 X X
;^3 X X
34 X X
35 X X
36 X X
37 X X
38 X X
39 X X
40 X X
41 X X
42 X X
43 X X
44 X X
45 X X
46 X X
47 X X
48 X X
49 X X
50 X X Inver Tote.
51 X X
52 X X
53 X X
54 X X
55 X X
56 X X
57 X X
58 X X Valtos.
59 X X
60 X X
61 X

>;

62 X X
63 X X Stenchol
64 X X
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No. Bag Net. Fly Net.
Leader in

Position.

Leader
Removed.

Notes of Locality.

65 X X

fi6 X X

67 X X

68 X X Altavaig.
69 X X

70 X X

71 X X

72 X X

73 X X Kilmaluag.
74 X X

75 X X

76 X X

77 X X

78 X .
X

79 X X

80 X X Erridale Bay.
81 X X

82 X X Mainland at Longa Sound,
83 X X going south.

84 X X Gair Loch.
85 X X

86 \ X X

87 j X X

88 X X

89 X X

90 X X

91 X

92 X X

93 X X

94 X X

95
96

X

X

X

X Ru Ruag.

97
98

X

X

X

X Loch Torridon nets.

99 X X

100 X X

101 X X

102 X X

103 X X

104 X X

105 X X

106 X X

107 X
• X

108 X X

109 X » X

110 X X

111 X a X

112 X X

113 X X

114 X X

115 X X Island of Raasay nets.

116 X X

117 X X

118 X X

119 X X

120 X X

121 X X

122 X X

123 X X

124 X X

125 X X

126 X X

127 X X

128 X X

129 X X

130 \ X X

131 j X X

132 X X Point of Aird.

Result.—Of 132 nets examined (all bag nets), 105 were at fault in having leaders

in position. The 27 nets found in order were all on the mainland.
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Ship.—Fishery Cruiser Noma."

Observer.—Captain R. G. Murdoch.

Loccdity.—From Farland Head to Corsewall Point, Firth of Clyde.

Report of Weather on Evening of Saturday^ 2Sth June 1902.—" Weather
fine

;
strong east wind (off shore) and smooth water. . . . The wind,

sea, and weather during Saturday afternoon and evening were in

all respects favourable to the removing of leaders."

No. Bag Net. Fly Net.
j

' Leader in

Position.

Leader
Removed.

Notes of Locality.

1 X X

2 X X

3 X X

4 X X

o
6

X

X
X

X

7 X X

8 X X

9 X X

10 X X Ayr.
11 ^

1

X
12 X i X
13 X X
14 X 1

• X
15 X X

16 >; X

17 X X

18 X X
19 X X

20 X X
21 X X
22 X X
23 X X

24 X X Girvan.
25 X X

26 X X

27 X X

28 X X

29 X X

30 X X

31 X X

32 X X
33 X X
34 X X
35 X X
36 X X

37
38

X
X

X

X
39 X X
40 X X
41 X X
42 X X

43 X X
44 X X
45 X X
46 X X

47 X X
48 X
49 X X,

50 X X Corsewall.

Result—Of the 50 nets examined , the 8 first bag nets between Farland Head
and Ayr were at fault.
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Summary of Results

:

—
By H.M.S. "Jackal," 61 Nets, of which 4 were at fault.

„ F.C. "Brenda,"' 97 30

„ F.C. "Vigilant," 132 „ ,, 105

„ F.C. "Norna," 50 ,, „ 8

Total, - 340 ,, ,, 147

Owing to the unfortunate fog on the east coast of Scotland already

referred to, which took place on Saturday and Sunday (28th and 29th

June), the two days fixed for the simultaneous investigation ao to the

observance of weekly close time, a comparatively small number of coast

nets could with safety be examined. The section of the coast set apart for

the Fishery cruiser " Minna," which had to be omitted, was unfortunately

the section of the East Coast upon which salmon nets are most thickly

placed. On this account, instead of having particulars of over 600 nets,

I am only able to report upon the above 340.

With regard to the West Coast nets, the totals obtained by myself on
board the "Vigilant " are particularly striking. The 76 nets of Skye and

the 18 nets of Raasay, i.e. the 94 nets in this district which are fished by
a single tacksman, were all found fishing during the weekly close time.

On the other hand, all the nets of Loch Torridon were found in order,

with leaders removed. With regard to the weather on the AVest Coast,

it may be further said that at sunset on the Saturday the breeze, reported

as of Force 1-2 at 6 p.m., and which subsequently had rather freshened,

fell away entirely, so that before we had reached Armadale Bay the sea

was without either ripple or swell. Reaching Balmacara as darkness set

in—the short darkness of June in these latitudes—we anchored till 4

a.m., and again proceeded northwards under the same absolutely still con-

ditions of atmosphere. During the whole of Sunday, 29th June, the sea

remained glassy, and the sun shone hotly from an absolutely cloudless

sky. Yet under such conditions no attempt had been made to observe the

weekly close time by the removal of the leaders.

A week previous to the examination above referred to I happened to be

at Portree, and took the opportunity of ascertaining the condition of the

nets in the immediate vicinity. A quotation from my note-book may
be not out of place, since it expresses exactly what I then found.

"Sat., 2\st June, 1902.—At 10 p.m. rowed out of Portree Harbour
"in small dingey and visited four bag nets in bay immediately to the
" north. The leader of each net w^as in position. Surface of sea
" perfectly calm—not sufficient swell to cause even a ripple on the beach.

" The conditions were practically the same at 6 o'clock."

This, and similar observations I have previously made, leads one towards

the opinion, which is freely expressed by some, that in the Skye and
Raasay District the weekly close time is never observed.

I desire to mention, however, that during the previous summer I had
an opportunity of inspecting a large number of bag nets in the Pentland

Pirth, and found only four contravening the bye-law.

A month later (July 1902), when in Fifeshire, I took the opportunity

of ascertaining the conditions on the coast between Pittenweem and
Newark, i.e. at a part of the coast where the report by Captain Angus of

the " Brenda " shows the weekly close time was not observed at the time

of his investigation. On this occasion—20th July—I am glad to be able

to report that I found no leaders in the water. From information

received I am given to understand that the visit of the cruiser had not

been unremarked. These nets are far removed from the mouth of any

river. The same may be said with reference to the nets which line the
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southern shores of the Firth of Forth, and also the nets of Skye and
Kaasay in Inverness-shire, and I have heard the excuse offered that on

this account the observance of the weekly close time is likely to produce

little or no benefit to the fisheries. But I would remind those who may
be disposed to take or sympathise with this view, that it can in no case

be left to individuals who are personally interested in prosecuting the

fishing to decide whether or not certain nets may be suSiciently far

removed from a river to do harm. The provision of the 1862 Act reads

simply that " the Weekly Close Time, except for Eod and Line, shall

" continue from the Hour of Six of the Clock on Saturday night to the
" Hour of Six of the Clock on Monday morning "

; and this enactment
must be carried out in all localities in Scotland. If otherwise, the pro-

prietor or occupier lays himself open to the penalties mentioned in the

24th section of the 1868 Act—

"1. He shall forfeit the Net or Nets with regard to which such
" Omission has occurred.

*' 2. He shall for each Weekly Close Time during any Part of which
*'such Omission has occurred pay, in respect of each Net to

" which the Proof of such Omission applies, a sum not exceeding

"Ten Pounds, and a further sum not exceeding Two Pounds
"for every Salmon taken or killed by means of such Nets
" during the said Weekly Close Time."
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APPENDIX IV.

NOTES ON THE LENGTH MEASUREMENTS OF UNSPAWNED
SALMON AND GRILSE "MARKED" IN NOVEMBER 1902.

By H. W. JOHNSTON.

Of the salmon and grilse " marked " in the six days during which
netting was carried on above Perth, in November, there were 244 in an
unspawned condition. It is difficult to state with accuracy the number of

salmon, as distinct from grilse, as in the breeding season the characteristic

features of each are somewhat modified, and in individual cases doubts

arose as to their classification. It may, however, be stated generally

that grilse were more numerous in the lower reaches immediately above

Perth than in the river higher up, and that both in their number and
weight an increase was apparent towards the end of the month. An
analysis, based on length, of unspawned salmon and grilse strikingly

brings out the preponderance of one or other of the sexes in groups of

different measurements. This would not appear to be the result of

chance, as it was observed in each day's operations. The following Table

shows the number and percentage of each sex in various length-groups :

—

Group. Length.

Number. Percentage.

Remarks.

M. F. Total,
i

M. F.

1 26 inches and under, 7 .58 65 11- 89- Chiefly Females.

2 26i to 27 inches, - 12 16 28 43- 67- Mixed Sexes.

3 27^ to .31| inches, - 59 9 68 87- 13- Chiefly Males.

78 83 161 48-5 51 "5

4 32 to 37 inches, 4 54 58 7* 93- Chiefly Females.

.5 37^ inches and over, 19 6 25 76- 24- Chiefly Males.

101 143 244 41-4 58-6

In comparing the dimensions of fish nearly ready to spawn, some allow-

ance must be made for the seasonal increase in the length of males, in

consequence of the growth of the snout, which need not be taken into con-

sideration in the case of females. The investigations in connection with

Tweed fish (given in the Appendices to the Fourteenth Annual Report) pro-
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vide a basis for calculating this temporary increment, and for the present

purpose it has roughly been assumed at three per cent, of the total length of

the fish. With this deduction from the recorded measurement of males,

some changes are made in the proportion of the sexes in the first three

length-groups given above, but the fourth and fifth happen to be

unaffected.

The figures, thus corrected, are as follows :

—

Group. Lengtn.

Number. Percentage.

Remarks,

M. F. Total. M. F.

1 26 inches and under, 17 58 75 23- 77- Chiefly Females.

2 26^ to 27 inches, - 20 16 36 56- 44* Mixed Sexes.

3 211 to inches, - 41 9 50 82- 18- Chiefly Males.

78 83 161 48-5 51-5

4
1

32 to 37 inches. 4 54 58 7" 93- Chiefly Females.

5 37^ inches and over, 19 6 25 76- 24- Chiefly Males.

101 143 244 41-4 58'6

Till further information is obtained regarding the proportion of the

sexes in fish of different lengths, it seems inadvisable to do more than

point out the facts as observed in the case of a somewhat limited number
of the autumn run of fish. It may, however, be mentioned that the pro-

portions of the sexes in spring fish, caught by rod on the higher reaches

of the Tay, fairly agree with the figures in the fourth and fifth groups.

The average weights of these unspawned salmon and grilse, corres-

ponding to the various lengths, is given below, except in the dimensions

in which the numbers of iish seemed too limited :

—

G
[Ta ni-E.
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Group.
Length.

Average Weight
in Lbs.

Group,
Length.

Average Weight
in Lbs.

Inches.

M. F.

Inches.

M. F.

f
24 5-3

5-5

32 13.1

...

1 ZD 5-5 6-1

6-4

66 13-7

15-7

ZD 7" 6-9 16-2

4 - 17-6
2

2 .
r

26i

27
I 6-9

J

7-4
35

I 18-1

J

'idOO

r 27i

28

8-4

- 37

20-6

21-

9-2

J29

3 -

30

h

31

p.:

s 11-1

J

9-7

5

37i

38

371

39

40

22-5

23-7

26-3

22-

...

...
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APPENDIX y.

WATER TEMPERATURE IN RELATION TO THE EARLY
ANNUAL MIGRATION OF SALMON FROM THE SEA TO
RIVERS IN SCOTLAND.

Paper No. 3.

By W. L. CALDERWOOD, F.R.S.K

In my first paper on this subject I dealt with the thermal conditions of

the sea on the East and on the West Coast of Scotland, as compared with

the temperatures of such rivers as the Helmsdale, Brora, Thurso, Ugie,

Nith, and one or two lesser streams. The result deduced was that when
early-running salmon enter our rivers they leave a cold sea for a colder

river, and that therefore the contention that their ascent during the four

first months of the year is due to the attractions of warmer river waters is

not consistent with the actual facts of the case.

In my second paper I compared the temperatures of the four leading

rivers of Sutherland, for which I had maximum and minimum daily

readings for a series of years. The results showed that the typical late

West Highland river Laxford did not, in temperature, differ in any
special way from the temperatures of such early rivers as the Helmsdale,

Brora, and Shin.

Those two papers seem to me naturally to lead to the conclusion that

the presence or absence of an early or spring run in any river is not

primarily a question of temperature at all. I do not mean by this that in

an early liver a rise of temperature will have no influence upon the run

of fish, but I mean that in a river where no early run is at present found,

a rise of temperature will not cause an early run, and similarly that in an
early river the primary causal factor is not the prevailing condition of

temperature. In netting the river Tay for the purpose of marking
salmon during the close season of 1901-1902 {vide Ticeniieth Annual
Report of the Fishery Board for Scotland, Part 11, , p. 88) I was able at

the same time to make a few observations as to the ascending habits of

the salmon during the winter months. A quotation from the paper

referred to may perhaps be excused here, as explaining the part which
temperature seems to me to play in the ascent from sea to river. I am
not here dealing with the question of the ascent of tributaries from a main
river. " Fish ascending the Tay during November, December, and
"January, the period over which the observations here referred to

" extend, seem, so far as these observations indicate, to leave the brackish
" estuary for the river during times when either there has been a simul-
" taneous rise of water level and of temperature, or when there has been
" a rise of temperature unaccompanied with a rise of water level." The
netting during the close season 1902-1903 has again supplied evidence in
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support of this view, and I am of opinion that fish which are already in

the fresh water are induced to ascend further for the same reasons, but
are checked and frequently made to descend into tidal water again by the
advent of floods of markedly cold water caused by snow or melting ice.

The recaptures of marked clean fish during the past winter have strongly
supported this view. In this respect the early-running fish of our large
rivers seem to differ from the salmon of Norway and elsewhere.
When we extend our range of observation to rivers some distance from

each other it is at once possible to see that, although rivers, say the
Solway, are warmer than rivers farther north, this has little or nothing to

do with the respective times at which fish run. A glance at the accom-
panying charts, showing weekly means for the Nith at Dumfries and the
Tay at or near Perth, is sufficient to show the late river Nith warmer
than the early Tay during the first five months of 1902. If we com-
pared the Tay with the Severn or the Thames, or still more, perhaps^ with
the Tamar or Fowey in Cornwall, I have no doubt we would find the
difference much more marked. The temperature of a river seems
to follow close on the heels, so to speak, of the air temperature of

the district, and therefore we have only to pick out rivefs of a cold and of

a warm or comparatively warm district to obtain the conditions which
have been from time to time held up as those which cause rivers to be
respectively late or early. Yet the Thurso in the extreme north is

remarkably early, while the Nith in Dumfriesshire is late. And if

further evidence for this negative result were wanted it may be found by
comparing the curves here given of the Ness and Tay. This theory may,
I think, therefore, be entirely discarded.

Now let us glance at the question of the relative temperature of a river

and of the sea into which it flows. I pointed out last year that such a

river as the Tay is, during the winter months, colder than the North Sea,

and yet that I caught clean fish ascending in November, December, and
January.

I desire now to turn to the conditions found in the case of the late

river Nith. The records given in the Nineteenth Report were incom-

plete, and the position chosen for the testing of the estuary temperature

was considered unsatisfactory, being scarcely reached by the full influence

of neap tides. It being desirable, therefore, to have mure complete

readings from this interesting river, I asked the Rev. Wm. Andson, who
acts as observer, at Dumfries, for the Meteorological Society, if he would
be kind enough to take water temperatures. This he consented to do,

and a pair of Philipp's thermometers (maximum and minimum) were

placed in a metal box below the landing stage for pleasure boats which

exists above Dumfries Bridge. A water gauge is situated here, and this

was also read. Mr. Andson was also good enough to arrange that Rev.

Mr. Malcolm would take readings of the temperature of the estuary at

Glencaple. This was done daily with a dipping thermometer at or about

time of high water. Errors of instrumentation have been ascertained for

the three thermometers used. To these gentlemen I am greatly indebted

for the most careful series of readings which I am now able to present.

I have calculated the weekly means and plotted them on the accom-

panying chart, together with the readings of water level.

It will be noticed that through January, February, and March the red

and the black line are remarkably close to one another, that in April the

estuary becomes rather warmer than the river, and in ]\Iay rather colder.

I have no doubt that the great expanses of sand which occur at the mouth

of the Nith, and which are laid bare by every receding tide, have a certain

controlling influence upon the temperature of the estuary; but, be this as

it may, we have here the exact conditions which, according to certain
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recent writers on the subject, determine the ascent of salmon from sea to

river—viz., tlie approximation (we might in this case say the identity) of

the temperatures of river and sea. Two temperature curves could

scarcely be more exactly approximated than those of January and

February, yet in those two months no fish were or are ever taken. I

have been favoured with a complete record of all the net-caught salmon

and sea-trout taken in 1902, through the kindness of Mr. Charles Turner,

Dumfries, who controls all the commercial fishings of the river. From
this it appears that the first sea-trout was taken on 21st March, then a

few trout on 25th March, and at intervals upwards till 8th April. On
15th April the steady run began, and lasted till the height of summer,

when it again became intermittent, and finally ceased at the end of July.

With regard to salmon, it appears that only a few individual fish entered

the tidal portion of the river between 2nd and llth April and between

20th and 30th April, and that the occurrence of salmon did not become
at all regular till the beginning of May. It is right to state in connection

with the runs of fish in the Nith that the river suffers most materially at

the hands of many in the district, that the spawning tributaries are to a

great extent rendered impassable to fish by reason of high weirs, and that

pollutions of a gross nature enter the river at Dumfries. On account of

those injurious influences the river is not as well stocked with fish as it

might be, and the early runs are perhaps most of all reduced. Glancing

at the readings of water level, we see also that when the first sea-trout

and salmon appeared—March and the first half of April—the river was by

no means high, nor did it fluctuate more than about a foot. Immediately

after the flood which occurred in the third week of April, when the

temperature was evidently steadily rising, the first really marked run of

sea-trout for the season occurred. But in noting the absence of an

early run in January and February, we have to remark that in the third

week of January a flood occurred, with a rise of temperature from 37°

to 43°, thus bearing out wliat has already been said, that in a late river a

rise of temperature during the blank months, or Ashless months, will not

produce a run of fish, and this even when accompanied by a rise in water

level. The flood shown in February was accompanied by a very low

temperature—one to two degrees above freezing—and therefore would not,

even in an early river, have produced a run of fish, although a run would
in all probability have occurred immediately afterwards.

There are two early rivers which are somewhat peculiar in this, that

spring fishing (angling) is prosecuted only in their upper tributaries. The
conditions in these rivers therefore demand our attention. I refer to the

Garry (Inverness-shire) and the Orchy. It is important to observe, how-
ever, that although called tributaries the rivers in question are in reality

the upper portions of the main waterways, and are rivers of good size.

In each case the early fish ascend the lower river rapidly, and passing

through the large deep loch from which in each case the lower river

flows, viz. Loch ^^ess and Loch Awe, enter the head waters. Garry fish,

indeed, not only pass through Loch Ness, but have to pass also through
the river Oich and part of Loch Oich. Is there any peculiarity in the

temperature of the Garry which draws fish from Loch Ness through the

Oich ? This question seemed to me to require a definite answer. Tay
fish ascend to Loch Tay and remain in the loch till May. Why do fish

not enter the Dochart at once as they do the Garry, and why do they
move into the Dochart in May

To test the question of temperature in the case of the Garry and of the

Orchy, I arranged that a max. and min. thermometer be constantly

floated in a wooden box in each river, and that similar instruments
similarly used be also immersed in the lower main rivers, Ness and Awe.
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The Garry rod fishing opens on 11th February, and on that date each year

the river is well stocked. The West Coast river is later. Fish usually

pass through the Awe in March, and are not looked for in any numbers
in the Orchy till the middle of April. It is possible that with better

treatment the runs of the Awe and Orchy might be earlier, and the stock

of fish much greater. The earliest date on which a fish has been taken

in the Orchy is, I understand, 3rd March, a most exceptional date. The
Garry readings were taken above Invergarry by John Embling, under
the supervision of Mr. Malcolm, the Chairman of the District Fishery

Board. The Ness readings were taken at a point some distance above

The Islands by Eden Macdonald, the Superintendent of the Ness District.

The Orchy readings were taken, at Dalmally, by Dr. Cameron, and the

Awe readings below the Pass of Brander by Alex. Macdonald, salmon
fisherman. The records of the last-named observer are unfortunately

not quite reliable. In returning the book supplied to him for the entry

of readings, Macdonald himself called my attention to his uncertainty.

In giving a curve for the Awe I have therefore indicated by a series of

dots, above the line, the places which may be regarded as uncertain. At
the same time I may say that there is nothing in the general appearance

of the curve of weekly means to indicate individual errors of a serious

kind.

It is at once evident from these two sets of curves that the river flowing

out of the large loch is in each case much warmer than the mountain
stream which sends its waters into the upper end of the loch. We notice

also that both Ness and Garry are more uniform, or less quickly fluctuating,

than the Awe and Orchy. The Ness during January, February, and

March shows, indeed, a wonderfully flat curve in weekly means. We see,

therefore, that in each case the fish swim rapidly through an area of com-

paratively warm water, and cease this rapid run when they enter the cold

upper waters. This is a condition which therefore seems to me to be

analogous to that already described for the river Tay. I am inclined to

regard the Garry as the best stocked early river in the Ness District, not

so much because the fish have some preference for it, and as it were hurry

on to reach these head waters, as because the warmer lower waters induce

the fish to continue their ascent till the colder waters of the Garry stop

them. Fish, therefore, naturally accumulate, during the early months of

the year, in the lower Garry. In addition to this river being a com-

paratively cold one, there is, however, a marked obstruction in the form

of a fall below the outlet of the river from Loch Garry. Another fall

lower down the river is from four to five feet high, and is bound to act as

a slight check, but the water as it descends forms such an easy swirl that

fish appear to surmount the obstacle without difl^iculty. The upper or

more serious fall just below Loch Garry is not much higher than the

other, but the stream is contracted in a gorge at this point. The fall has

three rises, the middle of which presents great difiiculty to ascending fish

owing to an upward burst of the falling water striking a large submerged

rock as it descends, and thus preventing the fish securing any good " take

oW " in their attempted leap. It follows that, as is the case at the falls

of Tummel, when the water rises, the fall becomes increasingly difficult

to ascending fish. Salmon, therefore, only ascend when the water is low,

and when the temperature has lost its wintry condition, usually towards

the end of May.
If this view is correct it would seem to follow that were the falls of

Invermorriston successfully opened up for their ascent, spring fish would

in like manner accumulate in Glen Morriston. It is especially interesting,

therefore, that at the present time a second and most substantial effort is

being made to construct a suitable salmon-pass at Invermorriston. I do
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not say that theMorriston will be as well stocked as the Garry commonly
is, because the entrance to the Morriston is much less attractive than the

entrance to the Oicli and Garry, and the natural difficulties of the Mor-
riston are much more serious, but if the fish-pass designed by Mr. P. D.

Malloch proves attractive, as it should be easy of ascent, I am of opinion

that a very fair early fishing should be created.

The curve representing the temperatures of the Garry is, I have no

doubt, exceptionally low. From the middle of December 1901, to the

end of March 1902, the mean never exceeds 40°, and in the middle of

February, when the river was very low after four weeks of continuous

frost, the reading reaches 35°. In the case of the Orchy the reading

—

after the hiatus—is 33-6°. Mr. George Malcolm, junr., who kindly

furnished me with a record of water-level and state of the weather, and
also complete barograph records, remarks in a note appended to his report

from Invergarry that " within the memory of the oldest inhabitant here,

this spring has been without exception the coldest, most wintry and
backward season on record." He adds also—" As regards salmon fishing

this season has also been about the worst on record." Now it must be

recollected that salmon fishing here means exclusively angling wi th fl}'-,

and that with a water-temperature between 35 and 40 degrees salmon do
not as a rule rise freely, A bad season does not necessarily mean an
absence of fish, but a bad rising season. At the same time these excep-

tionally low means may have been felt lower down the river system than

usual, and fish may therefore have been stopped lower down.
The Orchy and Awe curves show much more rapid fluctuations than do

the Garry and Ness records. The great gap in the country which occurs

here, and which forms as it were a funnel for the passage of storms of rain

from the western seaboard over North-east Argyll and West Perthshire,

may, in all probability, be the cause of the fluctuations. Mr. Fraser of

the Dalmally Hotel has kindly furnished me with a list of fish caught
during the spring of this year. The first salmon was caught on 22nd
March, the next on 2nd April, the third on 22nd April. The latter part

of April and the latter part of May yielded the best results. Reference to

the chart shoAvs that each of these periods was preceded by a rise of

temperature, and that the temperature had become relatively rather high

(48 to 49*5) as compared with usual spring river " rising temperatures."

At the same time it should not be forgotten that fish are not present in

any numbers till about the middle of April.

For purposes of comparison with the Awe District temperatures, I am
able through the kindness of The Maclaine of Lochbuie to give on this

chart also a curve of weekly means for the Uisg, the stream flowing from
the loch of the same name into the sea at Lochbuie. The instrument in

this case is a max. and min. Miller Casella, constantly immersed and read
daily. The curve is of interest. It does not approximate to that of the

Awe as might perhaps have been expected, but closely follows the curve
for the Orchy. Loch Uisg is, however, neither a large nor a deep loch,

and is fed chiefly by steep mountain burns. In the Mull records, the
floods are also reported. In the case of the Awe and Orchy I have not
this information. It does not necessarily follow that floods on the Awe
occur simultaneously with floods on the Uisg, but in view of the
geographical position the fair presumption is that this is the case. It is

noteworthy, therefore, that on 22nd April (when a good spell of fishing

began in the Orchy) a flood occurred and was succeeded by a continuance
of high temperature till the beginning of May.

In the Orchy, as in the Garry, there is a fall which acts as an obstruction
to the ascent of the spring fish. In this case the fall can only be ascended
during high conditions of water. Fish do not commonly go up, I believe,
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till a summer flood permits ; but arguing from analogy I am inclined to

believe that even if the fall was rendered much less serious, the fish

would not ascend till the wintry thermal conditions had entirely left the

water. The river Brora is an example of another spring river where a

comparatively insignificant fall is sufficient to check all fish till May. In

reverting now to the case of Loch Tay and the Dochart we find that

similar conditions are found there also. There is a fall at, or just above,

Killin. In all these cases it seems to me we have fish ascending till they

are checked by colder water and an obstruction. In no case is an attempt

made to ascend till either a rise of water-level occurs simultaneously with

a rise of temperature, or till the river water has lost its wintry character.

Andjustasa flooded condition in a comparatively small river has its

influence upon the ascent, so it appears that in rivers of large volume,

such as the Tay, obstacles such as the Linn of Campsie or the rocks at

Grandtully are more readily surmounted than would be the case in

smaller waters.
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Comparison of Temperature of Tay and Nith.

Weekly Means for five first months of 1902.
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NITH.
Weekly Mean Temperature of River Nith above Dumfries Bridge, and Estuary of Nith at Glenoaple,

for the Year 1st June 1901-31st May 1902.

Also Highest and Lowest Weekly Readings of Water Level on Gauge at Dumfries Bridge.

Temperature Readings:—River Estuary (at or about time of High Water).
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Winter, 1901-1902. Winter, 1901-1902.
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APPENDIX VI.

THE TEMPERATURE OF THE RIVER TAY AND ITS TRIBU-
TARIES IN RELATION TO THE ASCENT OF SALMON;

By W. L. CALDERWOOD, F.R.S.E.

As a natural accompaniment to the preceding paper, which deals with

the ascent of early-running fish from the sea to fresh water, and with the

accumulation of early fish in certain well-defined parts of a river system,

I desire now to notice the bearing which temperature seems to have upon
the salmon's ascent of tributaries, in so far as this may be gathered from
a study of the district of the river Tay.

The curves of weekly mean temperature presented in the accompanying
chart include the readings for the lower portion of the river taken at or

near Perth, which in the preceding paper were compared to the Nith
readings, and also curves for the upper main river at Grandtully, and for

the tributaries of the Garry and the Lyon.

The Perth readings were taken by Mr. Lumsden, the Superintendent of

the Tay Fisheries under the District Fishery Board. For the other

temperatures I am indebted to the kindness cf my friend Mr. H. W.
Johnston, who from Grandtully was good enough not only to take

readings himself, in continuance of the practice he has carried on for many
years, but to arrange that temperatures be also taken in the Garry and
the Lyon. In studying this chart, the first feature noticeable is that the

Garry (Perthshire) is constantly lower than the Tay and the Lyon. The
dotted black line is at once seen to be always below the three other lines.

This is distinctly interesting, since the Garry is the late tributary of the

upper Tay. The Garry, after passing through Killiecrankie, joins the

Tummel at Faskally—than which it is also rather colder—and the

Tummel flows into the Tay below Ballinluig. Grandtully is on the

main river above Ballinluig, and the Lyon enters the Tay above Grand-
tully. After the influx to the main river of such cold streams as the

Garry and Tummel, and in view also of the fact that the Almond, lower

down, is another cold and late tributary, although in low conditions of

water-level all the water of the Almond is carried off to below Perth by
the Perth Lade, we are not surprised that, of the two curves showing main
river temperatures till April, that for Perth is the lower. Loch Tay is

14^ miles long, has a maximum depth of 508 feet, and a mean depth of

199 feet ; and to give some conception of the amount of contained water
it has been recently estimated that *' if the water of the loch could be
" placed in a cubical receptacle it would require to be 1279 yards (nearly
" three-quarters of a mile) in length, breadth, and height." * The water
which flows from this large loch is naturally much more uniform in

temperature than is the water in the majority of the tributaries. The
temperatures of the Tummel were taken above the junction of the

Garry, i.e., on the Bonskeid side of the river between the falls of

Tummel and the junction.

The following Tables of Tay records, for which I am indebted to Mr.

* The Survey of British Lakes. Article by Jas. Chumley, Scot. Geo. Mag. August
1902. Vol. xviii., No. 2. ,

°
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Johnston's notes, gives the highest (H) and lowest (L) readings for each

month (with certain exceptions) during the six years previous to 1902:

—

Notes.
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The year 189G seems to have produced the best spring fishing, and at

the same time it is noted that fish were up early and ran quickly.

Taking the figures given for the first four months, we find that in this

year the mean is 42'. All the other years show a lower temperature,

except 1898, which also gives a mean of 42°, feut in examining the

readings we notice that this is due to a warm January, and that the 1896

readings have February, March, and April warmer than in 1898. An
essential factor for successful angling is undoubtedly the presence of a

good stock of fish. We see, therefore, that when fish ascend without

interruption to the upper Tay in an early season of comparatively warm
temperature the best angling results are also reported.

To show the difference in Spring between the Garry, the Tummel, and
the upper Tay the following Table may be given. The readings refer

only to the individual dates mentioned in the years 1896, 1898, and

1899, but in 1893 the extrefiB range of temperature is given :

—

Garry. Tummel. Tay.

Date.
o o

1893 Feb. 38-34 40-38

Mar. 42-33 43-40

1896 10th Jan. . 34 36 38

1898 3rd Mar. 36 40 40

1899 8th „ 37 40

15th ,, 42 43 44

11 22nd 33 37

28th „ 40 41 42

11 29th 40 41 42

11 27th Apr. 44 47 47

1902 27th Oct. 44 49 49

We are able to notice therefore that, so far as these records show, the

order in which fish are found to ascend the three rivers last mentioned is

in the order of their thermometric ascension, viz. the Tay, the Tummel,
and lastly the Garry. So-called " early " fish ascend the Tay in consider-

able numbers before the end of the calendar year. For instance, when,

in November 1901, netting -for ova and for purposes of marking was in

progress, 14 clean fish were taken. In 1897, while netting for ova, 31

clean fish were caught and returned to the water. The majority of the

earliest runs appear to ascend the main river steadily as water-level and

temperature seem to prompt, and to enter Loch Tay. A certain number
of early fish, however, enter both the Lyon and the Tummel. In the

latter river, angling seems to show that they stop in the deep pools of

Easthaugh Water—the lowest fishing on the Tummel—and do not

continue their steady ascent, as fish in the main river do. The Lyon
curve shown in the chart, though lower than the GrandtuUy curve

during January and February, clings closely to the main river temperature

during March and April, and becomes considerably higher than the

Grandtully curve in May. On the opening day for rod fishing, 15th

January, the Lyon always holds a fair stock of spring fish, and at times is
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remarkably well stocked. No doubt the Lyon varies considerably in

temperature from year to year in proportion to the amount of snow
present during the early months of the year, but the central reaches of

the river are still and sluggish in a wide valley, while the upper, and
especially the lower, (^nd of the river is surrounded by rugged and steep

mountains. I can well believe that, Avhen January and February pass

without much severe weather, any difference between the temperature of

the Lyon and that of the upper Tay is insignificant, so that, except for

the greater volume of water in the main river, there is practically as

much inducement for fish to ascend the Lyon as to ascend the Tay to the

loch. Mr. Malloch informs me that on one occasion, having been unsuc-

cessful while fishing Loch Tay, he crossed over to Glen Lyon and was
amply rewarded, and that he then found the temperature of the Lyon to

be two degrees higher than the temperature of Loch Tay.

If we turn now to the colder Garry we find that the presence of fish

in any numbers—the first Garry run—is not expected till April, although

a few fish commonly ascend as far as the deep pools of the Pass of Killie-

crankie in March, and that occasionally fish are present in February.

In 1891, for instance, Mr. Johnston caught a clean run fish in the Pass

on 9th February. This was an exceptionally warm season, however.

Mr. Johnston's note regarding it is as follows :

—

Garry, 1891.

Temp.

0

Jan. 42-34

Feb. 42-34

Mar. 30-Ice

This was an unusually warm season

and fish were early in the river.

Fishing very good on Faskally

water, both Tummel and Garry.

April 48-37

May 50-42

This evidence, therefore, points again to the conclusion that, given good
running water, the warmth or coldness of a tributary induces the presence

or absence of salmon—that a fish ascending a main river will apparently

be attracted to a tributary offering abundance of warm water, and con-

versely will not be attracted to a tributary, the temperature of which is

rather lower than the temperature of the water in which the fish is already

swimming. To state the result more generally, one might say that in the

case of early fish the tributaries are not entered till their temperatures have

become approximated to the temperature of the main river. This is in

no Sense a contradiction to the finding of the preceding paper regarding

the presence of salmon in the Inverness-shire Garry and the Orchy, since

these rivers are in reality the upper waters of the main waterway.

In dealing thus with temperature we must not, however, lose sight of

the great importance of an abundant flow of water. We are dealing with

early-running fish. I have previously noted that very few of our smaller

rivers have constant early runs. I would now further remark that, after

entering a large river, early fish very seldom—perhaps one might say only

exceptionally—enter any but upper tributaries^ and never enter even an
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upper tributary unless it has a very considerable volume of water. Once

in the main flow the instinct of the spring fish seems to prompt what I

have already described as a steady ascent. Early Tay fish do not appear

to enter the Earn, the Almond, or the Isla except in rare instances. Spey

spring fish do not enter the Fiddoch or the Avon, yet the former is easily

the favourite tributary for spawning fish in the autumn. In the case of

the Earn there may be room for doubt whether or not the evil influences

of the cruives and dam dykes have not in the past destroyed an early

run. Yet this river might almost be regarded as a distinct river from the

Tay, just as the Beauly is distinct from the Ness, though both have a

common estuary. The Earn flows out of a loch 6J miles long, the surface

of which is 306 feet above sea-level, i.e. 250 feet lower than the surface

of Loch Tay. It then has a course of 46 miles to the estuary of the Tay
above Newburgh. The Earn itself is tidal for about four miles. In the

British Assoc. Report for 1891 I find, in a paper by Dr. H. R. Mill,

monthly means given, for the year 1888, for the Earn at Bridge of Earn,

for the Tay at Perth, and for the river Almond. From these it would
appear that during the early months of the year the Earn has greater

fluctuations than the Tay. It is in this year 1*4 degrees higher in

temperature in January, three degrees higher in May, but slightly lower

in February, March, and April. The presence of these higher means is

striking, but perhaps misleading for the reason to be stated presently.

The Almond, on the other hand—the first tributary above the junction

of the Tay and Earn—is lower in temperature than either of the two

other rivers, and this for each month mentioned. The monthly means
are as follows :

—

1888. Earn. Tay. Almond.

Jan. 39-2 37-8 36-7

Feb. 35-7 37-5 34-4

Mar. 37-1 37-4 34-7

April 42-8 43-6' 37-3

May 49-9 46-9

In accordance with the deductions already made from the records of the

Garry and Lyon, we are not surprised at the Almond being a late

tributary. With regard to the Earn, however, I am of opinion that the

readings given above must be somewhat misleading, since they were taken

at Bridge of Earn, which is within the tidal area of the river, and may
therefore at times have been influenced by tidal water forced upwards
from the estuary, where the influence of the ?.arger river Tay must
predominate. I should suppose, therefore, that these Earn readings may
approximate too closely to the Tay readings. At the same time, if this is

the case, the question may with fairness be asked, Why do the Earn runs

of fish not approximate more closely to the Tay runs if Tay water is

found some distance up the Earn 1 To this in the present impoverished,

though we hope improving, state of the river's fishings it is impossible to
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give other than conjectural answers. Sport in the autumn has lately been

almost phenomenal on the lower Earn. It remains to be seen whether,

with greater possibilities of distribution and breeding, fish will ascend the

river at an earlier date. When, however, we think of rivers such as the

South and North Esks, or of the Helmsdale and Brora, as early rivers,

no very sufficient reason occurs to explain why the Earn should not also

be an early river, unless it be that, first, the greater volume of the river

Tay has a powerful attraction upon early fish and prompts the great

majority of them to pass the sluggish mouth of the Earn, and secondly,

that the Earn itself is beset with many and serious obstructions ; and we
have already seen that, unless in very large rivers, a slight obstruction is

sufficient to stop fish in the cold months of the year.

In seeking to elucidate the bearing which temperature has upon the

salmon's ascent of tributaries, it seems clear that we are dealing with quite

different conditions from those which govern the ascent of salmon from the

sea to fresh water. The papers on this latter subject indicate the negative

result that temperature is not the causal factor, but exercises merely a

secondary influence. Once the salmon has entered fresh water, however,

the question of temperature seems to play a more important part. The
steady ascent of the main river is continued, though early fish certainly

pause for considerable periods, and not infrequently descend again, when
met by exceptionally cold conditions of water. Tributaries entering the

lower portions of large rivers are as a rule passed by all early-running

salmon, but upper tributaries if supplied with good flows of water are

entered when their temperatures become approximate to the temperature

of the main river, or when their thermal conditions are already relatively

high. But it is clear that temperature must be treated in close associa-

tion with water-flow, and it may be with certain peculiarities of water.

Hence it follows that if the cause prompting fish to enter any particular

tributary at a particular time is sought (and we are dealing exclusively

with fish in which the spawning instinct is still absent), we must study

the temperature plus the conditions of water-flow. We find salmon in

large tributaries when the temperature is that generally associated with

winter and spring ; we find fish in smaller tributaries only when the

water has lost its wintry character. A certain ratio between temperature

and volume would therefore seem to exist, which must be determined in

every case
;
and, given the infinite varieties of the infinite number of

tributaries in Scotland, we are not surprised that different localities should

present such different results in times and seasons of successful fishing.

This deduction has a most important application with regard

to the results which may be expected to follow the opening up of

natural and artificial obstructions, since such operations influence neither

temperature nor volumn. On comparatively small tributaries, while most

valuable to enable fish to be more widely distributed over suitable

spawning grounds towards the spawning season, such works would not

influence the ascent of early fish. Also, in large tributaries, such for

instance as the Tummel, it seems to follow that if any early fish are to

ascend to the upper waters, the pass on the falls must be of extremely

easy gradient, since even a comparatively slight obstruction, when the

water is cold, is sufficient to check earlj'^ fish.



TAY.
Weekly Mean Temperature of the River Tay, Upper and

Lower Water, and Tributaries of Lyon and Garry, 1902.
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APPENDIX VIII.

ATOUAL CLOSE TIME APPLICABLE TO THE SALMON
RIVERS IN SCOTLAND.

N.B,—Observe that, in the following List, the days fixing the commencement and.

termination of the Annual Close Time for Net-fishing and for Rod-fishing, respec-

tively, are in all cases inclusive, as in the case of the Add, the first river in the

List.

Name of liive:

,

Annual Close Time for

Net-fishing.

Add, . . . .

Aline, . . . .

Alness, . . . .

Annan, . . . .

Applecross,

Arnlsdale {Loch Hourn), .

Awe, . . . .

Aylort {Kinloch)y

Ayr.
Baa and Goladoir,

Badacliro and Kerry {Gair-

loch)

Balgay and Sliieldag,

I'eauly, . . . .

Berriedale,

Bervie, . . .

Bladenocli,

Broom, . . . .

Brora, . . . .

Carradale {in Caniyre),

Carron, . . . .

Clayburn, Finnisbay, Aven-
nangeren, Stratligravat,

North Lacastile, Scalla-

dale and Mawrig {East
Harris),

Clyde and Leven,
Conon, . . . .

Cree, . . . .

Creed or Stornoway, and
Laxay {Island of Lews),

Creran {Loch Oreran),

Croe and Shiel {Loch
Daich), .

Dee {Aberdeenshire), .

Dee {Kirlccudhright), .

Deveron, .

Don,
Doon,
Drammaclilo}'- or Glenmor

{Isle of Bute),

Dunbeatli,

Earn,
Eckaig,
Esk, North,
Esk, South,
Ewe

From Sept. 1

both days i

From Aug. 27

From Aug. 27

From Sept. 10

From Aug. 27

From Aug. 27
From Aug. 27
From Aug, 27

From Aug. 27
From Aug. 27

to Feb. 15,

nclusive.

to Feb. 10.

to Feb. 10.

to Feb. 24.

to Feb. 10.

to Feb. 10.

to Feb. 10.

to Feb. 10.

to Feb. 10.

to Feb. 10.

From Aug.
From Aug.
From Aug.
From Aug.
From Sept.

From Aug.
From Aug.
From Aug.
From Sept.

From Ausf.

27 to

27 to

27 to

27 to

10 to

27 to

27 to

27 to

10 to

27 to

Feb. 10.

Feb. 10.

Feb. 10.

Feb. 10.

Feb. 24.

Feb. 10.

Feb. 10.

Feb. 10.

Feb. 24.

Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug.
From Aug.
From Aug.
From Aug.
From Aug.
From Aug.

27 to Feb. 10.

27 to Feb. 10.

27 to Feb. 10.

27 to Feb. 10.

27 to Feb. 10.

27 to Feb. 10.

From Sept. 1 to Feb. 15.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 1 to Feb. 15.

From Sept. 1 to Feb. 15.

From Sept. 1 to Feb. 15.

From Aug. 27 to Feb. 10.

Annual Clo.se Time for

Rod-fishing.

From Nov. 1 to Feb .15,

both days inclusive.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10,

From Nov. 16 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov.
From Nov.
From Oct.

From Nov.
From Nov.
From Nov.
From Nov.
From Nov.
From Nov.
From Nov.

1 to Feb. 10.

1 to Feb. 10.

16 to Feb. 10.

1 to Feb. 10.

1 to Feb. 24.

1 to Feb. 10.

1 to Feb. 10.

1 to Feb. 10.

1 to Feb. 24.

1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Oct. 16 to Feb. 15.

From Oct. 16 to Feb. 10.

From Nov. 1 to Jan. 31.

From Nov. 1 to Feb. 15.

From Nov. 1 to Feb. 15.

From Nov. 1 to Feb. 15.

From Nov. 1 to Feb. 10.

11
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Name of River.

Fin castle, Meaveg, Ballana-

chist, South Lacastile,

Borve, and Obb ( West
Harris),

Findhorn, ....
Fleet {SuthcrlandsMre),
Fleet (KirkmdhrightsMre )

,

Forss, ....
Forth, ....
Fyne, Shira, and Aray

(Loch Fyne), .

Girvan, ....
Glenelg, ....
Gour, ....
Greisa, Laxdale, or Thunga,
Grudie or Dionard,
Grninard and Little Grurn-

ard, ....
Halladale, Strathy, Naver,
and Borgie,

Helmsdale,
Hope and Polla or Strathbeg,

Howmore, ....
Inchard, ....
Inner (in Jura),
Inver, ....
lorsa {171 Arran),
Irvine and Garnock, .

Kannaird, ....
Kilclioan or Inverie {Loch

Nevis), ....
Kinloch {Kyle of Tongue), .

Kirkaig, ....
Kishorn, ....
Kyle of Sutherland, .

Laggan and Sorn {Island of
Islay), ....

Laxford
Leven
Little Loch Broom,
liochy, ....
Loch Duich,
Loch Luing,
Loch Roag,
Lossie, ....
Luce, ....
Lussa {Island of Mull),

Moidart, ....
Morar, ....
MuUanageren, Horasary,
and Lochnaciste {North
Uist), ....

Nairn, ....
Nell, Feo'jhan, and Euchar,
Ness, ....
Nith, ....
Orlcney Islands {River from
Loch of Stenness, <&c. ),

Ormsary {Loch Killisport),

Loch Head, and Stor-

noway {Mull of Cantire),

Pennygowan or Glenforsa,

and AroSj

Resort, ....
Ruel, ....

Annual Close Time for
Net-Ashing.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 1 to Feb. 15.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 1 to Feb. 15.

Annual Close Time for

Rocl-fisl»ine.

From Nov. 1 to Fob. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Oct. 16 to Jan. 14.

From Nov. 1 to" Feb. 15.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Oct. ] to Jan. 10.

From Oct. 1 to Jan. 10.

From Sept. 11 to Jan. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Oct. 16 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Oct. 16 to Feb. 10.

From Nov. 15 to Feb. 24.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

{

From Nov. 1 to Feb, 10- I

From Nov. 1 to Feb. 10. 1

From Nov. i to Feb= 16.
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Name of River.
Annual Close Time for

Net-fishing.

Annual Close Time for

Hod-fishing.

Sanda, ....
Scaddle, ....
Shetland Islands {River oj

Sandwater, tfcc), .

Shiel {Loch Shiel),

Sligachan, Broadford, and
Portree {Isle of SIcye), .

Snizort, Orley, Oze, and
Drynoch (Isle of Shje), .

Spey, ....
Stinchar, ....
Tay,
Thm-so, ....
Torridon, Balgay, and

Shieldag,

Ugie, ....
Ullapool {Loch Broom),
Urr,

Wick, ....
Ythan, ....

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. ]0.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 21 to Feb. 4.

From Aug. 27 to Feb. 10.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Aug. 27 to Feb. 10.

From Sept. 10 to Feb. 24.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 10.

From Nov. 16 to Jan. 31.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. IQ.

From Nov. 1 to Feb. 10.

From Oct. It) to Feb. 10.

From Nov. 16 to Feb. 24.

From Oct. 16 to Jan. 14.

From Sept. 15 to Jan. 10.

From Nov. 1 to Feb. 10.

From Nov. 1 to Feb. 24.

From Nov. 1 to Feb. 10.

From Dec. 1 to Feb. 24.

From Nov. 1 to Feb 10.

From Nov. 1 to Feb. 24.
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APPENDIX IX.

LIST OF CHAIRMEN AND CLERKS OF SALMON FISHERY DISTRICT
BOARDS IN SCOTLAND.

DISTRICT. Name and Address of Chairman.

Alness, . . .

Annan, . . .

Awe, ....
Ayr, ....
Baa&Glencoill-

eader(Mull),
Balgay, . . .

Berrie, . . .

Broom, . . .

Conon, . . .

Cree, . . . .

Dee (Aberdeen),

Dee (Solway),

.

Dex'eron , . .

Don, ....
Doon, . . .

Esk (North), .

ICslc (South), .

Findliorn, . .

rortli, . . .

Gtrvan, . . .

Gruinard and
Little Grui-
nard,

Kyle of Suther-
land,

Little Broom,

.

Lochy, . . .

Lossie . . .

Lussa (Mull)
and River
from Loch
Uisk to Loch
Buie,

Nairn, . . .

Ness, ....
Nith,. . . .

Esq. of Auchin-

Inveraray Castle,

C.E., 12 Lombard

Name and Address of Clerk.

Col. Alex. J. C. Warrand, Rycfield House,
Conon Bridge, Dingwall.

A. Johnstone Douglas, Esq., Comlongan
Castle, Ruthwell.

The IMarquess of Breadalbane, Taymouth
Castle, Perthshire.

Richard A. Oswald,
ci uive, Ayr.

The Duke of Argyll
InveraraJ^

C. R. Manners, Esq.
Street, Inverness.

David Scott Forteous, Esq. of Lauriston,
as mandatory of the Commissioner.s of
Wood.s and Fore.sts.

W. Ewing-Gilmour, Esq. of Inverlael, per
A. W. G. Aitken, Esq., S.S.C., Edin-
burg-h.

John Little Mounsey, Esq., W.S., 5
Thistle Street, Edinburgh, Commis-
sioner for Col. J. A. F. II. Stewart
Mackenzie of Seafortli.

The Earl of Galloway, Cumloden, Newton-
Stewart.

Tiie Lord Provost of Aberdeen.

II. G. Jlurray Stewart, Esq. of Broughton,
Gatehouse.

A. F. Leslie, Esq. of Montcoffer, Banff.

Vacant.

IMarquis of Ailsa, Culzean Castle, May-
bole.

Tlie Rev. J. S. More Gordon of Cliarleton

and Kinnaber, per George More Gordon,
Esq., Cliarleton, Montrose.

James Johnston, Esq., Montrose.

R. C. Munro Fej-guson, Esq. of Novar,
M.P., per J. J. Meiklejohn, Esq.,

factor.

Mandatory of Commissioners of Woods and
Forests.

John Campbell Kennedy, Esq. of Dunnre.

Alfred N. G. Aitken, Esq., S.S.C., Edin-
burgh, Factor and Commissioner for

Hugh Mackenzie, Esq., of Dundoiinell.

Sir Charles Lockhart Ross, Bart, of Bal-
nagowan.

Alfred N. G. Aitken, Esq.,S.S.C., Edin-
burgh, Factor and Commissioner for

Hugh Mackenzie, Esq. of Dundonnell.
Lord Abinger, Inverlochy Castle, Fort-

William.
The Duke of Richmond and Gordon,
Gordon Castle, Fochabers, per George
Muirhead, Esq., Commissioner

Maclaine of Loclibuie, Isle of Mull.

Brodic of Brodie, Brodie Castle, Forres.

George ilalcolm, Esq., Factor, Inver-
garry, Fort-Augustus.

John Henderson, Esq., Solicitor, Dum-
fries.

William J. Duncan, Solicitor, Ding-
wall.

John F. Cormack, Solicitor, Lockerbie.

Alex. MacArthur, Solicitor, Oban.

William Macro rie, Commercial Bank,
Ayr.

Alex. MacAithur, Solicitor, Oban.

Duncan Shaw, W.S., 15 High Street,

Inverness.
Arthur Dickson, Solicitor, Montrose.

W. K. T. Middleton, Solicitor, Ding-
wall.

W. R. T. Middleton, Solicitor, Ding-
wall.

A. IJ. Mattliews, Sollcitev, Newton-
Stewart.

Alex. Dulfus, Advocate, Aberdeen.

W. Nicholson, Sheriff-Clerk, Kirkcud-
bright.

Francis George, Solicitor, Banff.

Alex. DufTus, Advocate, Aberdeen.

W. Macrorie, Solicitor, Ayr.

Arthur Dickson, Solicitor, Montrose.

James Don and David G. Shiell, Solici-

tors, Brechin.

Wm. Grant, National Bank Buildings,

Forres.

Thomas L. Galbraith, County Build-

ings, Stirling.

T. Gerald Tait, Solicitor, Girvan.

W. R. T. Middleton, Solicitor, Ding-
wall.

John M'Crone, Solicitor, Dornocli.

W. R. T. Middleton, Solicitor, Ding-
wall.

N. B. Mackenzie, Solicitor, Fort-

William.
John Wink, Solicitor, Elgin.

Alex. MacArthur, Solicitor, Oban.

H. T. Donaldson, Solicitor, Nairn.

Anderson & Shaw, Solicitors, Inver-

ness.

C. Steuart Phyn, Procurator-Fiscal,

Dumfries.
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APPENDIX IX. (t'onimifcc^)—List of Chairmen and Clerks of Salmon Fishery

District Boards in Scotland.

DISTRICT. Name and Address of Chairman. Name and Addres.s of Clerk.

Pennygowan or

Glenforsa,
and Aros
(Mull;,

Vacant. Alex. MucArthur, Solicitor, Oban.

S 1 i g a c li a n
,

B r oadf ord,
and Portree
(Skye), , .

Lachlan 5Iacdonald. Esq. of Skeabost. Kenneth Macrae. Sheriff-Clerk, Port-

ree.

Snizort, Orley,
Oze, and Dry-
nock (Skye),

.

Lachlan Macdonald. Esq. of Skeabost. Kenneth Macrae, Sheriff-Clerk, Port-
ree.

Spey, . . .

Stinehar, . .

Tay, ....

The Duks of Richmond and Gordon.
Gordon Castle, Focliabers, per George
Muirhe."vd, Esq., Commissioner.

The Earl of Stair, Lochinch. Wigtown-
shire.

lion. Morton Stuart Gray, Kinfauns
Castle, Perth.

John Wink, Solicitor, Elgin.

Stair M'Harrie, Repliad, Stranraer.
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TWENTY-FIRST ANNUAL REPORT.

TO THE EIGHT HONOURABLE

LORD BALFOUR of BURLEIGH,
His Majesty's Secretary for Scotland.

Office of The Fishery Board

FOR Scotland,

Edinburgh, ^rd June, 1903.

My Loud,

In continuation of our Twenty-first Annual Eeport, we

have the honour to submit

—

PART III.—SCIENTIFIC INVESTIGATIONS.

GENEEAL STATEMENT.

This part of the Twenty-first Annual Eeport contains an account

of the scientific investigations conducted by the Board in 1902 in

connection with the sea fisheries of Scotland, so far as the same
have been completed. In previous Eeports it was explained that

owing to the small size and unseaworthy qualities of the Garland
it was scarcely possible to carry on the investigations in the off-

shore waters, on the fishing grounds from which the bulk of the

fish supply is drawn ; and also that for the same reasons the

experimeni.s and observations in the Moray Firth and other areas

had been hampered and curtailed. The Garland was at length

disposed of in the course of last year.

His Majesty's Government have now agreed to take part,

together with the other nations of northern Europe, in a systematic

investigation of the North Sea and adjacent waters, with a view to

the elucidation of various problems connected with the Fisheries.

The British share in this International Investigation has been
divided into two parts, and the Board, at the request of His
Majesty's Government, has undertaken the control of the northern
half. The International Programme includes hydrographical
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investigations and practical fishery experiments, and also lays

particular stress on the compilation and study of precisely such
statistics of our fisheries as it is the practice of the Board to

prepare. Professor D'Arcy W. Thompson, the Scientific Member
of the Board, has been appointed Director of these investigations.

Scientific work apart from this International Programme, including
the maintenance of the hatchery at the Bay of Nigg, will be continued
by the Board under the superintendence of Dr. T. Wemyss Fulton.

Meanwhile, and pending the completion of arrangements for the
new work, trawling experiments in the Moray Firth and Aberdeen
Bay have been carried on by utilising the services at intervals

of the large commercial steam-trawlers, equipped with the most
efficient otter-trawls, and with very satisfactory results.

Investigations on Board Trawlers.

These, as stated above, were carried on in 1902 as in the preceding

year, the localities examined being Aberdeen Bay in its whole
extent, and the chief fishing grounds in the Moray Firth, particu-

larly Burghead Bay and adjacent parts on the south coast, the

Dornoch Firth, the grounds of the coast of Caithness, Smith Bank,
and the deeper water areas known as the Witch Grounds. Two
voyages to the oflshore grounds were also made, one to those lying

east and south-east of the Shetland Islands, and another to the

Great Fisher Bank and the waters off the Buchan coast. The
results are described in a paper in the present Eeport by Dr. T.

Wemyss Fulton, the Scientific Superintendent, and the records of

the hauls are given in a series of Tables.

In May the grounds in Aberdeen Bay were found to be compara-
tively unproductive, and the same condition prevailed at the various

grounds examined in the Moray Firth, 'Burghead Bay, off' Lybster,

Smith Bank, and off Cromarty. At Burghead Bay, for example,

the aggregate number of fishes taken in fifteen hauls, representing

sixty-two-and-a-half hours of actual fishing, was 14,257, of which
10,301 were marketable. The average number taken per hour's

fishing, with the largest otter-trawl in use, was thus scarcely 165

fishes of all kinds. The deep-water grounds off the Shetlands

were found to be more productive in the same month, ten hauls,

representing fifty hours of actual fishing, yielding 18,634 fishes, or

at the rate of 372*7 fishes per hour's fishing, the same vessel being

employed, and of the aggregate number 14,984 were marketable.

A little later, at the end of May and beginning of June, a series of

nine completely recorded hauls on the Great Fisher Bank, repre-

senting thirty hours' fishing, furnished only 4,096 fishes, or at the

rate of 113*8 fishes per hour—less, therefore, than in the Moray
Firth. The proportion of the different kinds of fishes in the various

areas differed considerably—plaice, for instance, being well repre-

sented in the Moray Firth, present in fair numbers on the Great

Fisher Bank, and absent on the deep-water grounds ; their presence

or absence as a rule has an important bearing on the profitable or

unprofitable results of the fishing. The Moray Firth was also found
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to be unproductive in October and on various occasions since, both

in regard to the abundance of marketable fishes and to the profitable

nature of the fishing compared with the offshore grounds.

On one of the occasions the trawler was equipped with a beam-
trawl as well as an otter-trawl, in order to allow comparison to be

made of the relative efficiency of the two nets on the same ground

at the same time, but in the second haul with the beam-trawl the

net was lost. The results of the first drag support the statement

previously made that the horizontal spread of the otter-net does not

greatly exceed the width of the beam-trawl, but fishes higher from
the bottom. It is thus relatively less efficient for the capture of

flat-fishes than of round-fishes.

The Eelative Abundance, Distribution, and Migrations
OF THE Food Fishes.

In the present Eeport the results of the investigations made on
board trawlers regarding the distribution and relative abundance
of the food fishes at different sizes, and the extent of their migra-

tions, are described by Dr. T. Wemyss Fulton. Among the fiat-

fishes certain species which begin their life in the shallow water,

or on the beaches, move out when older into deeper water, and
may be obtained in diminishing numbers at considerable distances

from land. Thus the plaice appears to pass its early stages exclusively

in the shallow water near shore, while the older forms, ranging

about twenty inches in length and not under fourteen inches, were
got in fair numbers in sixty-five fathoms, from eighteen to twenty
miles from Fair Isle, and in smaller numbers in water of the same
depth, sixty-five miles from Sumburgh Head, which was the

nearest land. None of these fish were under about three years of

age. The adult plaice were found in still greater abundance on
the Fisher Bank, in the middle of the North Sea, in thirty-four

fathoms. In all these localities the plaice present must have
migrated very considerable distances in the course of their growth,

in the latter instance probably from the Danish coast via the

Dogger Bank, and this agrees with the results of the marking
experiments. Observations on the rate of movement of the

plaice in the large tidal pond at the Bay of Nigg show that when
leisurely swimming they may travel considerably over a mile in

one hour.

The turbot was also occasionally found far from shore in deep
water, and it also begins life in shallow water; while the brill is more
restricted in its range. The dab, on the other hand, not so strictly

confined in its early stages to the shallow water, was found further

ofishore in deeper water than the plaice, but, like the latter, in

greatly diminished numbers.

The observations in regard to the round-fishes also indicate an
extensive wandering or migration. It was found that as a rule the

adult cod were more numerous relatively and absolutely on the

inshore grounds, that the larger codling were more abundant off-

shore, and that the smaller codling under two years of age were
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much scarcer on the deep-water grounds than inshore. The
absence or great rarity of the young forms of some other species,

as the saithe or coal-fish, the hake,pollack,andhng, in the latter area,

while they are known to be common in many cases near land, also

indicates an extensive wandering. An inshore winter migration of

cat-fish was also established. The results generally tend to show
that the extent of the migratory movements of even such relatively

sedentary forms as flat-fishes is much greater than has been
commonly supposed, and that the predatory round-fishes may
traverse great distances. They suggest, moreover, that by extended
observations of the kind, whether on board fishing vessels or the

steamers engaged in the International Survey, it would be possible

within a limited time to prepare charts showing with considerable

accuracy the extent of the distribution and of the wanderings of

all the bottom fishes in the North Sea and adjoining areas, as well

as the facts relating to the place and period of spawning.

The Hatching and Rearing of Food Fishes.

During the hatching season in 1902 the number of fertilised eggs

of the plaice obtained from the spawning pond was 72,410,000, or

about seven millions more than in the previous year, and 29,120^000

more than in 1900. The number of fry which were hatched and
retained in the apparatus until approaching the post-larval stage

amounted to 55,700,000, and these were liberated off the coast of

Aberdeenshire and in Loch Fyne. At the end of the previous

season the number of adult plaice in the pond in good condition

was 767, most of which continued to thrive during the summer and
autumn. To these, others, obtained from the vessels engaged in the

trawling investigations, were added later, bringing the breeding-

stock up to about one thousand plaice of both sexes.

In the latter part of January the temperature of the water in

the spawning-pond was rather lower than usual, and few eggs were
observed to have been shed until the early part of February. The
first collection was made on the 8th of that month, and after a

check in the spawning due to a severe frost, when the temperature

of the water sank to freezing-point, the number of eggs gradually

increased until in the first half of March more than two millions,

and occasionally nearly three millions, were taken from the pond
daily. Thereafter the number diminished, and the last collection

was made on the 25th April.

The considerable increase in the productiveness of the hatchery

in recent years is due to the more ample and suitable arrange-

ments existing at the Bay of Nigg, and particularly the provision

of a large tidal spawning pond, in which a good breeding stock can

be maintained throughout the year. The natural conditions and
facilities for the work, and the abundant supply of sea-water of

good density and purity, have also assisted in the result. At the

same time the expense has been reduced, largely owing to the

supply of water to the tank being tidal, whereby the need of

pumping is greatly diminished, and the combination of the hatchery
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with the laboratory. Apart from the cost of the distribution of

the fry, the expenditure on the hatching work is now under £100
per annum, and the total expenditure does not greatly exceed

that sum.

Besides the hatching of the plaice above referred to, the hatching

of lobsters and crabs was also undertaken by Dr. H. C. Williamson
at the request of the fishermen on the coast of Aberdeenshire.

About 4,500,000 larva3 of the crab, and three thousand young
lobsters—most of which were reared through several stages, and in

some cases nearly to the stage at which the adult form is assumed

—

were liberated along the coasts of Aberdeen and Banffshire. In the

case of the plaice, it may be explained, the time during which the

embryonic and larval fishes are protected extends to about half the

period of their pelagic life, at the end of which they settle on the

bottom as young flat-fishes.

Since the hatchery was established the number of the fry of

the food fishes which have been produced at it amounts to

303,752,000—viz., 286,855,000 plaice, 5,727,000 lemon soles,

5,160,000 turbot, 4,010,000 cod, and 2,000,000 of others. Of the

plaice, 136,065,000 were produced at Dunbar, when the liatchery

was situated there, and 150,790,000 at the Bay of Nigg since 1900.

The Development of the Ckab.

The present Report also contains a paper by Dr. H. C. William-
son on the larval and early young stages of the common shore

crab (Carcinus mmnas), in which the developmental changes that

occur are traced with great care and minuteness. It is comple-
mentary to another paper on the edible crab contributed by the

same naturalist to the Nineteenth Annual Report. The character

and structure of the various appendages in the Zoea stages and in

the Megalops are fully described and illustrated by a large series

of figures, and the features which distinguish these stages from the

corresponding stages of other forms are detailed. The development
of the branchiae or gills is very fully treated. A number of obser-

vations were also made in regard to the reproduction, the rate of

growth, and the moulting of the crustacean in question. The
duration of the period of incubation of the eggs has not yet been
determined, but it probably exceeds four months.
The period of hatching extends over a considerable number of

months—viz., from March to the end of July—and berried

females may be got on the beach between tide-marks during nearly

the whole year with the eggs of different females in very different

stages of development. The eggs are at first straw-coloured,

becoming deep-amber as development proceeds, and dirty-grey

before hatching. The larval crab leaves the egg in the so-called

Protozoea stage, which is transitory, the delicate integument being

immediately cast, and it then appears as a Zoea, of which there are

four stages, each following a moulting. At this time it is wholly
pelagic, or free-swimming, a mode of life which appears to last for

about a month or a little less. The next moult gives rise to the
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Megalops, which is a connecting link between the pelagic Zoea and
the demersal j^oung crab, which lives on the bottom, partaking of

the cliaracter of both, being adapted either for swimming or

crawling, and this finally gives rise to the young crab.

With reference to growth, it was found that a considerable

amount of variation occurred, due to the fact that increase in size

only takes place after a moult, and the amount of the increase

varies not only with the individual, but also in the same specimen
in different moults. It is, however, possible with a fair amount of

certainty to separate the crabs into yearly groups if attention be

given, in the case of small crabs, to the month in which they are

captured. Observations have also been made on the amount of

growth that takes place in successive moults of specimens kept in

confinement; and Dr. Williamson's observations in this respect

were supplemented by a valuable series of cast shells from Mr.
H. T. Waddington, Bournemonth. The conclusions reached are

that the shore crab, when one year old, may measure from about

one-third of an inch to nine-tenths of an inch in breadth, the

average being a little over half-an-inch. When two years old the

average breadth of the male is about two inches, and of the female

nearly one inch and three-fifths ; when three years of age the male
is about two-and-two-fifths of an inch broad, and the female about

one-fifth of an inch less. The number of moults in a year was
found to vary considerably.

The Invertebeate Fauna.

The collections of Crustacea which have been made in the course

of the fishing investigations have proved of considerable interest,

and in the present Keport Dr. Thomas Scott contributes a further

paper dealing more particularly with the Copepoda. These minute
forms play an important role in connection with the food of fishes.

They exist in enormous multitudes and constitute one of the chief

agencies by which the primary source of food, namely plant-

organisms, is transformed and rendered available for the nutrition

of fishes. Many fishes, as the herring and the sprat, the anchovy,

the mackerel, and the pilchard or sardine, subsist mainly upon
copepoda, while almost all other fishes live upon them in their young
and early stages.

In the present paper Dr. Scott describes a large number of species,

of which thirteen, belonging to eight genera, are new to science,

the descriptions being illustrated by a series of drawings. In some
instances the determination of these minute forms is of importance

for other reasons, as in tracing the course of sea-currents. Thus,

for example, one species which is described, Eucalanus crassus, was
obtained about ten miles off' Aberdeen, and was previously recorded

from the Moray Firth, from the region south-east of Fair Isle, and
from the Faroe Channel. Its distribution is known to extend as far

south as the Gulf of Guinea, and its appearance in the Moray Firth

and off the East Coast probably indicates the presence of Atlantic

water. It is interesting \i note that all the specimens were taken

in October and November.
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The Distribution, Food, and Growth of the Angler.

In another paper Dr. Wemyss Fulton describes the results of an
investigation of the distribution, rate of growth, and food of the

angler or frog-fish (Lophius piscatorius), one of the principal

enemies of the edible fishes. In the course of the trawling investi-

gations conducted on board steam-trawlers fishing from Aberdeen,

1956 specimens were taken, of which 1549 were caugho in the

Moray Firth. The proportional abundance of this fish was found

to be gi eater in Aberdeen Bay and the Moray Firth than in the

more distant grounds in deeper water off the Shetlands. As is the

case with so many other fishes, the young forms were absent from
the collections or only scantily represented, a circumstance believed

to be mainly due to their preference for rocky and rough ground,

where algae grow and furnish shelter and protection, and where the

trawl cannot be used. The smallest described was five inches in

length, which is among the smallest on record.

The observations on the rate of growth were made by the com-
parison of a series of measurements of specimens taken at different

seasons, and indicate that at an approximate age of six months the

angler has a mean length of about six inches and three-eighths, at

one year and six months a mean length of about a foot, and at two
years and six months an average length of about eighteen inches.

The males probably reach maturity when four years of age, and the

females a year later with a larger size.

In determining the nature of the food the stomachs of 541 anglers

were examined, and of these 261, or 48 '2 per cent., were empty.
Of the remainder, fish in some form or another were found in 269,

cephalopods alone in ten, and a shore crab in one. The proportion

of flat-fishes distinguished was 29*6 per cent., and of round-fishes

70'3 per cent., and it was found that the principal fishes preyed
upon were whitings, sand-eels, haddocks, common dabs, and herrings,

but the proportions varied on different grounds and at different

seasons. Very few of the anglers contained large fishes in their

stomachs. Even the largest seem to live for the most part on small

and young fishes ; some of the smallest of the anglers, however, had
swallowed fishes almost as long as themselves. It is probable that

the piscivorous habit is adopted at a very early stage.

The Food of Fishes.

Dr. Thomas Scott contributes to this Eeport a paper giving the

results of his continued investigations on the food of fishes as deter-

mined by the examination of the contents of their stomachs. The
food of twenty-two species of fishes is dealt with, including the cat-

fish, the king-fish, the silver smelt, the Norway pout, skates, and
dog-fishes. It is interesting to notice that the observations on the

contents of the stomachs of the dog-fishes show that while these

predaceous forms live to a large extent on the herring, they also

prey upon round fishes and flat-fishes, the remains of whitings, coal-

fish, dabs, and lemon soles being obtained in them.
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The examination of the stomach of a small specimen of the

common porpoise captured in the Bay of Nigg, in the vicinity of the

Laboratory, showed how destructive these cetaceans may be among
the food fishes. Besides the partly-digested remains of fishes,

apparently whitings, it contained the ear-bones of about one hundred
and forty whitings, as well as those of other gadoids, which had
been evidently eaten and digested a short time previously. On the

other hand it was found that the king-fish {Lam]?ris luna) lived

chiefly on cephalopods, the horny jaws of fifty-four being found in

the stomach of one specimen.

We have the honour to be.

Your Lordship's most obedient Servants,

ANGUS SUTHERLAND, Chairman.
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In the Annual Reports for last year and the year preceding, an
account is given of certain investigations which were made, for the

most part by the use of steam trawlers, as to the abundance and distri-

bution of the food fishes on certain grounds, and more particularly in

the Moray Firth and Aberdeen Bay.

In 1902 these investigations were continued, but, owing to the
reduction in the amount of the scientific vote, on a smaller scale than
in the previous years. Visits were made to the various grounds in the

Moray Firth, a series of hauls being taken in the Dornoch Firth, Burg-
head Bay, Smith Bank, and other places which had been examined on
previous occasions, as well as in Aberdeen Bay. Two trips were also

made to the more distant fishing grounds, the Great Fisher Bank, and
the north-eastern area off the Shetlands, and much valuable information
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has been acquired both as to the abundance of the different species

of food fishes present on the grounds at the time, and in regard to their

distribution in the various areas, and their natural history generally.

The particulars in regard to the hauls and the number of fishes obtained

were carefully recorded, and will afford important means for comparison
in succeeding years. The fishes, as before, were classified, according to

the practice adopted on board the trawling vessels, into marketable and
unmarketable, and the details are given in a series of Tables appended,
and are discussed below.

I. Investigations on Board Steam Trawlers.

1. The Moray Firth and Aberdeen Bay in May.

The first of the series of investigations was made in Aberdeen Bay
and the Moray Firth in May, the trawler employed being the " Star of

Peace," under Captain Alexander Caie, and Dr. H. C. Williamson was
good enough to accompany her and to record the catches.

The first haul was made in Aberdeen Bay, between Belhelvie and the
" Black Dog," on the afternoon of 12th May, the depth of water being

eleven fathoms, and it lasted for four hours and twenty minutes.

Except for plaice and dabs the catch was a very poor one, only six

haddocks being taken. The aggregate number of fishes was 1906, of

which 1382 were marketable and 524 unmarketable. The marketable
fishes were represented by six cod, six haddocks, 713 plaice—242
medium and 471 small,—653 common dabs, and four flounders. The
unmarketable consisted of five whitings, thirteen plaice, 363 common
dabs, forty-seven gurnards, sixty-eight anglers, and eighteen skates and
rays.

A second drag in the same locality for four hours and a quarter, in

from ten to fourteen and a half fathoms, was much less productive, only

674 marketable fishes being taken, and 424 unmarketable, the total being

1098. Among the marketable were fourteen cod, a saithe, 216 plaice

—

eight large, 106 medium, and 102 small,—427 dabs, and thirteen

flounders. Only three small and unmarketable haddocks were taken

and eighteen unmarketable whitings. There w^ere fifty-one skates and
rays and forty anglers among the unmarketable fishes, as well as one
herring. The wind during the day had been blowing very hard from
N.N.E., and the sea was very choppy.

A third haul, only partly enumerated, made in from eleven to

eighteen fathoms, for four hours and ten minutes, yielded 26 cod,

nine marketable codling, five haddocks, seven whitings, five coal-fish,

one and three-quarter baskets of plaice, as well as two brill and a

basket of marketable dabs. The offal or unmarketable fishes filled half

a basket, and were chiefly dabs.

Other three hauls were made in Aberdeen Bay with even less success,

haddocks being practically absent and plaice very scarce. The aggre-

gate number of fishes obtained in the three hauls which were com-
pletely recorded, representing twelve hours and thirty-five minutes'

fishing, was 3361, of which 2351 were marketable and 1010 unmarket-
able. The numbers of the various kinds were as follows, the marketable
being indicated by I. and the unmarketable by II. :

—

[Table
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Cod. Codling'. Hfiddock. Whiting. Gurnard. Coal-fish.

I.

II.

39 10 6

3 24 66

1

39 10 9 24 66 1

PlcliCG.
Lemon
Dab.

Common
Dab.

Brill. Flounder.
Long
I^ough
Dab.

T.

II.

1,073

20

1 1,196

689

1 18

12 8

1,093 1 1,885 1 30 8

There were also taken fifteen grey skates, eight thornbacks, and fifty-six

starry rays, as well as 109 anglers and six herring.

A haul for sixty-five minutes was also made at the Dog Hole, off

Aberdeen, in fifty-five fathoms, and 133 fishes were taken in the otter-

net, 122 being marketable. The marketable catch comprised one cod,

fifteen codling, twenty four haddocks, twenty whitings, two ling, a
saithe, four plaice, forty-two lemon dabs, two common dabs, and eleven

megrims, and there were also seven unmarketable starry rays, one grey

skate, and three anglers. The small-meshed net around the otter-trawl

contained a number of small whitings, haddocks, a few codling, two
gurnards, a small angler, and an armed bull-head.

On the 15th the vessel began work in the Moray Firth, the first haul

being made at Burghead Bay in from ten to fifteen fathoms, and it

lasted for four hours. The catch comprised 1319 fishes, 1043 of which
were marketable and 276 unmarketable. Among the former were four

cod, four codlings, 349 haddocks—fifty-one large, forty-six medium, and
252 small,—forty-seven whitings, seventy-six gurnards, and five cat-

fishes. Plaice numbered 322, the majority being small, and there were
nine lemon dabs, 160 common dabs, and fifty-nine witches, as well as

one brill. The unmarketable consisted mostly of dabs, with some
gurnards and whitings. Although the number of fishes was fairly

large the catch was not a valuable one, owing to the paucity of good
haddocks and plaice.

A second drag in the same locality, although yielding a somewhat
greater number of fishes, was not more profitable. The total was 1680,

of which 1294 were marketable and 386 unmarketable. The haddocks
numbered 264, but there were only sixty large and twenty mediums
among them, the remainder - being small. Of 419 plaice taken, only

nine were large and thirty-three medium. There were also two cod,

ten cat-fishes, six witches, four lemon dabs, and 537 marketable common
dabs. The bulk of the unmarketable fishes consisted of dabs, gurnards,

and anglers, of which thirty-seven were caught.

The vessel then shifted its ground westwards to off the Suters of

Cromarty, where a haul for two hours and forty-five minutes in from
eight to twelve fathoms of water yielded only 784 fishes, of which 633
were marketable. The principal result of the change was an increase

in the number of codlings and witches taken and a few more haddocks,

but plaice were scarcer than before, totalling only seventy-nine, of

B
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which three were large, seventeen medium, and the remainder small.

The haddocks numbered 325, of which 124 were large, forty-one
medium, and 160 small. There were also two cod, seventy-two
marketable codlings, twenty-seven whitings, sixteen gurnards, sixty-two
common dabs, thirty-three witches, as well as twelve lemon dabs and
two cat-fishes.

The vessel again returned to Burghead Bay and made a series of

hauls on the same grounds as before, with even poorer results, the
catches varying from 812 to 205 marketable fishes. The plaice which
were of marketable size varied from 128 to 405, and the marketable
haddocks from one to seventy-nine.

The coast of Caithness was then visited and a drag made ofi" Lybster,
in from twenty to twenty-five fathoms, for four hours and five minutes.
The number of fishes caught was 1044, of which only 356 were market-
able, the chief feature being the abundance of gurnards as well as the
scarcity of plaice and haddocks. The marketable fishes comprised
three cod and thirty-three codlings, 109 haddocks, only nine being
large and sixteen medium, 102 whitings, a cat-fish, twenty-seven
marketable gurnards, sixty-five plaice, all but twenty being small, a
halibut, and fifteen common dabs.

Steaming to Smith Bank a drag was made in from twenty-one to

thirty fathoms on the northern edge for four hours and ten minutes,

and 1706 fishes were taken, of which 804 were gurnards. The
marketable fishes numbered 847, comprising two cod, five codlings,

394 haddocks, forty-six of which were large and eighty-seven of medium
size, forty-three whitings, three cat-fishes, 185 gurnards, three halibut,

a turbot, a brill, eighty lemon dabs, three witches, nineteen common
dabs, and 106 plaice, eighty-four being mediums. There was thus a

considerable variety in the fishes, but none of them were obtained in

large numbers.
The vessel then ran to Burghead Bay again and made other four

hauls on the 19th and 20th with slightly better results than on the

previous occasion. The first yielded 899 marketable fishes and 286
unmarketable, the number of plaice being 344, while the haddocks

comprised only seventeen. In the second drag 817 marketable

fishes were obtained, including 277 plaice and thirty-four haddocks.

In the third the number of the marketable fishes was 988, of

which plaice amounted to 329 and haddocks to 49. In the fourth,

which was the best, 809 marketable fishes were secured, including

470 plaice—thirty-four being large and 261 medium,—and forty-nine

haddocks.

The aggregate number of fishes obtained in Burghead Bay as the

result of fifteen hauls, representing sixty-two and a half hours of

fishing, was 14,257 : the number of the marketable was 10,301, or at

the rate of scarcely 165 fishes of all kinds per hour. The particulars

are given in the following Table, the marketable being indicated by I.,

and the unmarketable by II. :

—

Cod. Codling. Haddock. Whiting. Gurnard. Coal-fish. Cat-fish.

1. 55 41 1,054 226 1,372 1 68

II. 63 109 101 574

55 104 1,163 327 1,946 1 68

[Continued.
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Plaice.
T lATYvnn

Dab.
Witch.

Dab. der.
Halibut. Turbot. Brill.

Long
Rough
Dab.

I.

II.

4,456

136

80

10

202 3,639

2,436

1 1 16 24

24

4,592 90 202 6,075 1 1 16 24 24

2. The Deep- Water Grounds in May.

A trip to the north-eastern deep-water grounds off the Shetlands was
made at the end of May on board the " Star of Peace," the recorder of

the hauls being on this occasion Mr. W. Mason, one of the men of the
" Garland," who was accustomed to similar work on board that vessel.

Leaving on the 22nd of the month the trawler made for Buchanness,

as usual when going to the grounds named, and then laid her course

N.E. by E. easterly, and ran about 111 miles by the log. The position

where fishing was begun lies about 80-85 miles S.S.E. of Sumburgh
Head, Shetland, in the upper part of Square XIX. on the chart

(Plate I.).

The first drag was made in 67| fathoms, the surface temperature
being 44° F., and the bottom-temperature 42-8® F. The five hours'

haul on a soft bottom gave 2650 fishes, of which 2100 were market-
able and 550 unmarketable. Haddocks were most numerously
represented, 1445 being taken, almost all marketable; codlings

and witches were also present in fair numbers, there being 130 of the

former and 322 of the latter. As usual, the most abundant of the

unmarketable forms was the long rough dab, of which 517 were caught.

Four hauls were made in this locality, each for five hours, the depths

being 67^, 68|, and 70 fathoms. The total number of fish caught
in three of the hauls, which were fully recorded, was 7654, of which
6044 were marketable and 1610 unmarketable, the average take per hour's

fishing being 510*3 fishes, and the proportion of unmarketable to the

total catch 21 per cent. The numbers of the various species were as

follows, the marketable being indicated by I., and the unmarketable by
II.:—

Cod. (Codling,
Had-
dock.

Whit-
ing.

Ling. Saithe. Tusk. Hake. Cat-fish.

I.

IL

15 279 4,502

3

500 3

1

5 4 1 4

2

15 279 4,505 500 4 5 4 1 6

Gur-
nard.

Witch. Megrim.
Long
Rough
Dab.

Common
Dab.

Lemon
Sole.

Grey
Skate.

Starry
Ray.

I.

II.

4

2

708

34

15

1,513 3

2

1

2

42

6 742 15 1,513 3 3 2 42
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There were also taken in tliese hauls seven anglers, one dog-fish, and
one Norway haddock (Sebastes). Another trawler was working in the

vicinity.

Although the gross number of haddocks in these hauls was fairly

good for the season, they consisted mostly of the small or third selec-

tion, the large haddocks and those of medium size, which bring much
better prices, being rather scantily represented ; there were 929 large,

697 medium, and 2876 small. At this season of the year, as previously

remarked, the large haddocks after spawning are difficult to locate in

numbers, and are believed to disperse and leave the bottom. None of

the haddocks observed were spawning. It was therefore decided to

shift ground, and the vessel steamed about 45 miles N. | E. from
where the last of the four hauls was taken, to a position approximately

about fifty miles E. by S. of Sumburgh Head, in Square XV. (Plate I.).

A haul was made here on the morning of the 24th May, in seventy-one

fathoms—also for five hours,—but the catch was small, comprising

1611 fishes, of which 1375 were marketable and 236 unmarketable.

Whitings were more numerous, and twelve cat-fish, six hake,

five coal-fish, a halibut, and ninety-one gurnards were included ; but
haddocks, and also witches, were scarcer than before. Numbers of

whitings were ripe, and the stomach of a coal-fish was found to

contain two argentines, a haddock, and two specimens of Gadus
Esmarkii.

The trawl was again dropped, in seventy-six fathoms, and the vessel

steered N.E. by E. for the five hours, the distance run being reckoned

to be a little over ten miles. Another trawler was working alongside

;

there was a fresh breeze from the westward and a heavy swell on the

sea. The catch amounted to 3101 fishes, of which 2684 were market-

able and 417 unmarketable. It included a comparatively large

number of megrims, viz. 167, two saithe or coal-fish, six hake, four

ling, eight cat-fish, and a tusk, and haddocks were more numerous
than in the previous haul, but the large ones were poorly represented,

and only twenty marketable witches were obtained. Twenty-nine

starry rays were taken.

The next haul was made in seventy-one fathoms, and much the same
course was steered during the five hours' drag, viz. N.E. The catch

in this instance was only partly enumerated ; it included seven hake,

two ling, one coal- fish, twenty-three starry rays, five common dabs,

and eight-and-a-quarter baskets of haddocks.

The eighth haul was made early in the morning of the 25th May,
in seventy-eight fathoms, and during the first half of the five hours the

course steered was N.E. by E. The catch included six cod, eleven

hake, three ling, two tusk, a cat-fish, a halibut, three common dabs,

122 witches, and twenty-one marketable megrims ; but only 606 haddocks

were secured. A few of the haddocks were observed to be still spawning.

The total number of fishes obtained was 1394.

When the net was brought up the vessel was run for about fifteen

miles to the south-west, and then hove to until the morning of the

26th owing to the heavy sea and south-west gale. The wind previously

had been blowing a moderate breeze from the S.W., W., and W.S.W.,
and the sea was choppy ; and the above drag was made in a moderate

gale from north-west to south-west. On the morning of the 26th, the

gale having moderated, the wind hauling to north-west, the trawl was
shot in sixty fathoms on a shelly bottom, and the course steered during

the drag was north-east. On taking the latitude at the end of the

haul it w.'is found to be 60° 2' N., and the vessel was therefore in the

southern part of Square XI. (Plate I.). Another trawler was observed

fishing in the E.S.E.
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The catch was a poor one, the number of fishes obtained being 918,

of which 782 were marketable ; the net, however, was slightly split

Four cod, seventy-two codlings, one saithe, eight cat-fish, and one hali-

but were among the fishes caught, but haddocks continued to be scarce,

only 511 being taken (260 large), and only sixteen witches and three

megrims were secured. The somewhat shallower water of this haul

was responsible for two plaice being taken and a larger number than
usual of common dabs, viz. seventy-eight. A few haddocks and many
whitings were found to be spawning.
The tenth haul was made in the same locality, the depth being fifty-

eight fathoms, the wind blowing a moderate breeze from the west, and
the sea continuing choppy. The five hours' drag resulted in a catch of

1340 fishes, of which 1149 were marketable, comprising four cod, 154
codling, 637 haddocks, 265 whitings, four ling, one hake, two tusk, two
coal-fish, nine cat-fish, but only thirty-two witches and four megrims.
Plaice were again present, viz. three, as well as three lemon soles,

eighty-three common dabs, and eighteen starry rays.

The eleventh haul was made in sixty-three fathoms in the same
locality, the bottom being sandy. The catch was not fully enumerated,
but it included a basket of codling, two cod, six-and-three- quarter

baskets of haddocks (four of large), a basket of whiting, a ling, a tusk,

four cat-fish, a halibut, a megrim, eighteen witches, and one plaice, as

well as seventy-two common dabs. As usual when considerable numbers
of common dabs are taken in the deeper water, the long rough dab was
less abundantly represented, only nineteen being taken.

Early in the morning of the 27th the trawl was again shot, in

fifty-eight fathoms, the wind blowing a moderate breeze from S.S.W.
After the lapse of five hours it was found on hauling that almost the

entire net had been torn away, lea,ving the ground-rope and the boards

attached—an illustration of the vicissitudes of trawling. The net had
probably caught on rocks or wreckage. On sounding, the depth was
found to be sixty-six fathoms, and the bottom sandy and rocky. The
vessel then steamed thirty-two miles to the south-west in Square XV.,
the ground being supposed to be the western part of Bressay Shoal.

Here the trawl was dropped in seventy-four fathoms, the bottom being

muddy.
The catch consisted of 1670 fishes, 957 being marketable and 713 un-

marketable. The marketable fishes included seven cod, ninety-two codling,

620 haddocks (258 large), one coal-fish, two tusk, one cat-fish, two hali-

but, 139 witches, and three megrims. There were no plaice, but five

small leraon soles. Long rough dabs were abundant, the number taken
being 672, while there were only five common dabs. One Norway
haddock (Sehasies) was caught ; one haddock was found to be spawning.

The bottom-temperature was 42*9*^ F. and the surface-temperature
44-6'* F.

The fourteenth haul was made in the same locality, on a muddy
bottom, in seventy-three fathoms. A complete enumeration of the

fishes caught was not made, but they included one-and-a-half basket of

codlings, six-and a-quarter baskets of haddocks (2| of large), three-

quarters of a basket of whitings, eleven saithe or coal-fish, one cat-fish,

one-and-a-half basket of witches, four grey skates, 327 long rough
dabs, one common dab, one gurnard, two megrims, and twenty-nine
starry rays.

The next drag was made in the same place in seventy-two fathoms,

and 946 fishes were secured in the five hours. The number of market-
able haddocks was 442 ; there were also three cod, forty-five marketable
codlings, two coal-fish, two cat-fish, 109 witches, nine megrims, forty-

three starry rays, 234 long rough dabs, and two common dabs.
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The sixteenth haul was a short one, for thirty-five minutes, in seventy-

fathoms, on the morning of 28th May, and fifty-five fishes were taken,
viz. forty-one haddocks, one cod^ five codling, two whitings, and six

witches.

The vessel then returned to Aberdeen, steering S.W., and running
140 miles to Buchan Ness.

In the voyage described above, the trawler prospected about more
than is usual, owing to the scarcity of fish. As already mentioned, the
movements of the haddocks are somewhat erratic at the close of the
spawning season, and since this fish forms the most important item in

the catches in the deep water, the trawlers hunt about in the hope of

striking upon a shoal.

Complete records were made of ten hauls, representing fifty hours'

fishing ; the total number of hauls being sixteen, and the duration of

actual fishing seventy-five hours and thirty-five minutes. One of the
drags, as stated, was blank, on account of the loss of the net.

I have tabulated the detailed catches of the ten hauls referred to, in

which an aggregate of 18,634 fishes was recorded, 14,984 being market-
able and 3650, or about 19*5 per cent., unmarketable. The average
number of fishes and of marketable and unmarketable taken in each of

the five hours' hauls and in each hour's actual fishing are these :
—

Marketable. Unmarketable. Total.

Per Haul, .

Per Hour,

1,498-4

299-7

365-0

73-0

1,863-4

372-7

Although the fishing was comparatively poor on this voyage, it was
much superior to what obtained farther to the south and south-east,

and the " Fisher Bank," a week later {see p. 26).

The detailed catches show that of the marketable fishes 13,508 were
round-fishes and 1465^ or 10-8 per cent., were flat-fishes; while of the

unmarketable 188 were round-fishes and 3273, or 89*7 per cent., were
fiat-fishes, composed almost entirely of long rough dabs.

The particulars referring to the flat-fishes are as follow ; the market-
able being indicated by I. and the unmarketable by II. :

—

Plaice.
Lemon
Sole.

Witch.
Common
Dab.

Long
Rough Dab Megrim. Halibut.

I.

II.

5 9

1

1,203

50

5

217 2,994

325

11

8

Total, 5 10 1,25S 222 2,994 246 8

Average per haul, . 0-5 1-0 125-3 22-2 299-4 24-6 0-8

Average per hour's)
fishing, . . /

0-1 0-3 25-1 4-4 59-9 4-9 0-2
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The most abundant of all the flat-fishes—and next, indeed, in aggre-

gate numbers to the haddock and whiting—was the long rough dab,

which gave an average of 299 -4 per haul. This figure does not, how-
ever, represent anything like the true proportion of this fish present on

the grounds, because only the larger individuals are taken in the ordi-

nary otter-net, the great majority passing through the meshes ;
while,

on the contrary, most of the megrims and witches on the grounds, as

the experiments I previously made with small-meshed nets proved, are

caught. Witches are next in numbers, giving an average of 125*3 per

haul, and megrims third with 24-6. The common dabs, taking all the

hauls together, gave an average of 22 '2. Plaice were only got in a few
of the hauls in the shallow water—fifty-eighty and sixty fathoms—the

total number being five, or 0'5 per haul. Lemon soles were also

uncommon, ten being taken, or an average of one per haul.

The corresponding details concerning round-fishes are these :

—

Cod.
Cod-
ling.

Had-
dock.

Whit-
ing.

Gur-
nard.

Saithe. Hake. Ling. Tusk.
Cat-
fish.

I. 49 972 9,054 3,146 172 18 25 11 13 45

11. 15 34 17 118 1 3

Total, . 49 987 9,088 3,163 290 18 25 15 13 48

Aver, per haul, 4-9 98-7 908-8 316-3 29-0 1-8 2-5 1-5 1-3 4-8

Average per \
hour's fishing, j"

0-9 19-7 181-8 63-3 5-8 0-4 0-5 0-3 0-3 0-9

Cod were not numerous, only forty-nine being obtained, or 4-9 per

haul, while the codling numbered 987, or an average of 98-7 per haul,

the proportion being about twenty codlings to one cod. In the hauls

farther south and on the Fisher Bank the proportion was much less.

Haddocks, which formed about half of the whole catch, and considerably

more than half of the marketable fish, numbered 9088, the average

per haul being 908-8. The majority consisted of the third, or smallest,

class. Whitings numbered 3163, the average per haul being 316-3.

Gurnards were taken in eight of the ten hauls, the number in a haul

ranging from two to ninety-one—the latter in seventy-one fathoms,

—the aggregate being 290 and the average per haul 29-0.

Among the *'long" fish obtained were eighteen saithe or coal-fish,

twenty-five hake, fifteen ling, thirteen tusk, and forty-eight cat-fish,

the respective averages per haul being 1-8, 2*5, 1'5, 1-3, and 4*8. Cat-fisu

were taken in each haul, the number in a haul varying from one to

twelve ; tusk in seven hauls, the number never exceeding three in any of

them ; coal-fish were got in eight hauls, the highest number in an
individual haul being five

;
ling were taken in six hauls, the largest

number being four ; while hake were represented in five of the hauls, in

numbers ranging from one to eleven.

Among skates and rays, the starry ray was most abundant, 157
being taken, or an average of 15'7 per haul; the numbers in individual

catches varying from seven to forty-three, and some were got in nine

of the drags. Twenty-seven anglers were caught, or 2*7 per haul.

Amongst the other fishes were three Norway haddocks and two
dog-fish.
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The area over which these ten hauls were taken was considerable,

as explained in the description of the movements of the vessel, above
^iven, and the range in depth varied from fifty-eight to seventy-eight

fathoms, a difi'erence of twenty fathoms or 120 feet. I have therefore

contrasted the catches of the two hauls in shallower water—fifty-eight

to sixty fathoms—with five drags in from seventy-one to seventy-eight

fathoms. The number of fishes obtained in the former was 2258, or

an average of 1129 per haul; in the latter the number was 8722,
or an average of 1744 per haul; in the former the average of loarket-

able fishes was 965 and in the latter 1402.
The numbers and averages for the flat-fishes in'the two groups are indi-

cated in the following Table, (1) representing the hauls in the shallower

water, and (2) those in the deeper water :

—

Plaice.
Lemon
Sole.

Witch.
Common
Dab.

Long
Eough
Dab.

Megrim, Halibut.

(1) No.

Av.

5

2-5

5

2-5

49

24-5

161

80-5

78

39-0

9

4-5

2

1-0

(2) No.

Av.

2

0-4

462

92-4

58

17-6

1,403

280-6

222

44-4

6

1-2

The difference in the two cases is considerable, but the nature of

the bottom must also be taken into account. In the shallower water
hauls it consisted of sand and shells, and in the deeper water, when
noted, it was muddy. The deepest water in which plaice were procured
during the voyage was sixty-three fathoms (haul No. 11), where one was
obtained ; the aggregate number during the trip was six. Lemon soles

were procured in deeper water, one being got in seventy-four fathoms
where the bottom was muddy, and another in seventy-three fathoms.

Common dabs, much more numerous in the shallower water hauls, were
also got in those in the deeper water, on a muddy bottom, but in much
fewer numbers, and decreasing with the depth ; thirteen were taken in

a haul in seventy-six fathoms, and three in a haul in seventy-eight

fathoms.

The particulars concerning the proportions of the round-fishes in

the two groups of hauls are shown thus :

—

Cod. Codling.
Had-
dock.

Whiting.
Gur-
nard.

Saithe Hake. Ling. Tusk.
Cat-
fish.

(1) No.

Av.

8

4-0

237

118-5

1,154

577-0

401

200-5

84

42-0

3

1-5

1

0-5

4

2-0

2

1-0

19

9-5

(2) No.

Av.

26

5-2

471

94-2

3,429

685-8

2,263

452-6

190

38-0

10

2-0

23

4-6

7

1-4

7

1-4

23

4-6

All, it will be noticed,were relatively more numerous in the deeper water
hauls, except codlings, gurnards, ling, and cat-fish

;
whitings were more

than twice as abundant, and hake still better represented. Gurnards
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were taken in the deepest haul, in seventy-eight fathoms, twenty-six

being taken there. The number of anglers obtained in the deeper water
was nineteen, or an average of 3*8 per haul; in the two drags in

shallower water only one was caught. Twenty-five starry rays were
taken in fifty and sixty fathoms, an average per haul of 12-5

;
eighty were

caught in from seventy-one to seventy-eight fathoms, the average being

16.

The records of these hauls do not, however, give a proper idea of

the proportional abundance of the various species of fish present on the

grounds, because the smaller forms escape through the meshes of the
ordinary otter-trawl. Experiments on a former occasion with small-

meshed nets showed that the Norway pout {Gadus Esmarldi) exists in

great numbers, as well as long rough dabs of all sizes. A coal-fish taken
in the fifth haul, in seventy-one fathoms, was found to have in its

stomach two argentines and two Norway pouts.

I append the records of the temperature observations:

—

Date. Depth. Approximate Position. Air. Surface. Bottom.

1902.

23 May
Fms.
67^ About 80 miles S.S.E. of Sumburgh Head 45-7 44-0 42-8

24 „ 71 About 50 miles E. by S. of Sumburgh Head 52-0 45-1 43-3

26 „ 60 About 50-60 miles E.S.E. of Bressay 46-5 45-0 43-5

27 „ u{ About 50-60 miles S.E. by E. of Sumburgh \
Head /

46-0 44-6 42-9

28 „ 70 Do. do. do. 46-4 45-0 43*8

S. The Great Fisher Bank and North-Eastern Grounds in June.

A voyage to the eastern side of the North Sea was made at the

end of May on board the steam-trawler " Caledonia I.," the recorder

in this instance being also Mr. William Mason. The vessel left Aber-
deen on the morning of May 30th, steering a course E. by S. from
Girdleness, and steaming a distance of 170 miles to the Great Fisher

Bank. The first haul was made the next morning, the depth being

thirty-four fathoms and the bottom sandy. There was a moderate
easterly breeze and the sea was choppy ; the temperature of the surface

water was 48-2®F., and of the bottom water 43-2<^F. The drag lasted

four hours and the catch was small, the fishes numbering 432, of which
326 were marketable and 106 unmarketable, the latter consisting

chiefly of small haddocks and whitings. Included among the market-
able fishes were 230 haddocks—only forty-three, or about half

a basket, being "firsts"—thirty-seven whitings, five cat-fish, seven
gurnards, one halibut, forty plaice, and one grey skate.

The second haul, in the same depth, was hardly more productive, 445
fishes being obtained, 327 of which were marketable and 118 unmarket-
able, the latter again consisting for the most part of small haddocks
and whitings. Five cod were included in the marketable catch, 213
haddocks, twenty-five whitings, five cat-fish, one ling, one small halibut,

and seventy-three plaice. Two other trawlers were observed working in

the immediate neighbourhood.

Ten other hauls were made on this ground, each for four hours, but
the fishing continued unproductive. The largest number of fish caught
in any of the hauls completely recorded was 642, of which 371 were
marketable, and the smallest number in any haul was 235, of which 204
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were marketable. The number of marketable haddocks ranged from
311 down to ninety-four, and although the proportion of the larger

classes was greater than on the north-eastern gi-ounds in the previous

week, the number taken—from one to three baskets —was too small to

make any important addition to the profits of the catch. Whitings,
never an important item from the financial point of view, were also

poorly represented. Cod were present in fair proportion, being repre-

sented in most of the hauls, the number ranging from one or two to

nineteen. Very few codling or gurnards were obtained in any of the
hauls, but in most of the hauls cat-fishes were secured, the number vary-

ing from one to six. There were also a few of the " long " fishes, more
abundant in the deeper water, viz. two ling and five saithe or coal-fish,

but no hake or tusk were caught here. Six halibut were also taken,

all being small.

Among the other flat-fishes, plaice were best represented—and indeed

the Great Fisher Bank is frequented for the sake of this fish as well as

for the haddock. They were taken in each haul, the number varying

from eight to ninety-one, 519 altogether being secured in the nine hauls

recorded, and they were all marketable, i.e. no small plaice were found.

Common dabs were much scarcer
;
they were taken in six of the hauls,

the numbers varying from two to seven, and the aggregate was twenty-
six. Lemon soles were also scarce, the total being only twelve; one or

two were taken in seven drags. No megrims were found, but twenty-

six long rough dabs, in six of the hauls, the number ranging from two
to eight, and likewise four witches, one in each of four hauls. No brill

or turbot were caught. Sliates and rays were represented by one grey
skate and twenty-two starry rays, from two to eleven being caught in

four of the drags. Anglers also, in harmony with the paucity of fish,

were scarce, only five being taken altogether.

The aggregate number of fishes taken in the nine hauls completely

recorded, representing thirty-six hours of actual fishing, was only 4096,
or an average of 455" 1 per haul, or 11 3*8 per hour. The average num-
ber of marketable fishes taken per haul was only 317*2, the unmarketable
averaging 137'9. The condition of this part of the Great Fisher Bank
at this time was therefore the reverse of prolific, and contrasts strongly

with the inshore grounds and those in the north-east, even at the least

productive period. The fish from the Fisher Bank, however, are much
esteemed, and command good prices on the market, and the grounds
were vigorously trawled over for a number of years ; five or six years

ago they were among the favourite places for Aberdeen trawlers.

The aggregate number and averages of the difierent kinds of fish

obtained in the nine fully recorded drags on the Fisher Bank are as

follows :

—

Flat Fish.

Plaice.
Lemon
Sole.

Witch.
Common
Dab.

Long
Rough
Dab.

Halibut.

No. 519 12 4 26 26 6

Av, per haul, 57-7 1-3 0-4 2-9 2-9 0-7

Av. per hour, U-4 0--3 0-1 0-7 0-7 0-2
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Round Fish.

Cod. Codling.
Had-
dock.

Whiting.
Gur-
nard.

Saithe. Ling. Cat-fish.

No. 52 79 2,837 423 50 5 2 27

Av. per haul, 5-8 8-8 315-2 47-0 5-6 0-6 0-2 3-0

Av. per hour, 1-4 2-2 78-8 11-7 1-4 0-1 0-05 0-7

When compared with the similar figures referring to the fishing in

the previous week in the deeper water off the Shetlands, it will be seen

that the corresponding averages for halibut and lemon soles were the

same—the numbers, however, being very small,—and that in all other

cases the averages for flat-fishes were less on the Fisher Bank, with the

exception of plaice. In the case of the latter the difference was great,

viz. 0*1 and 14*4

—

i.e., plaice were one hundred and forty-four times

more numerous on the Fisher Bank. The difference in the case of

witches was also marked in the contrary way, the average per hour's

fishing on the Fisher Bank being 0-1, and off the Shetlands 25*1, this

fish being 125 times more abundant on the latter grounds. As already

stated, no megrims were caught on the Fisher Bank, while the average

on the north-eastern grounds was 4*9 per hour.

Among round-fishes the average was greater in the deeper water for all

species except adult cod ; for cod it was only 0*9 per hour's fishing as

compared with 1'4 on the Fisher Bank—not a great difference. The
difference in the averages for codling was much more marked, viz. 19*7

off the Shetlands and 2*2 on the Fisher Bank, The relatively large

proportion of codling in the deeper waters is referred to elsewhere.

Haddocks were more than twice as abundant on the deeper grounds,

whitings five times, and gurnards four times more numerous. Cat-fish,

on the other hand, were almost in equal proportions in the two regions.

After two days' trial of the Fisher Bank the unproductive nature of

the catches necessitated a change of ground, and the vessel steamed about
forty-five miles in the direction of N.W. by W. While work was being

carried on on the Fisher Bank the wind had been blowing a moderate
breeze from the east and north-east, and latterly strongly from the east,

and the position of the vessel at the end was more westerly than when
operations were begun, the last drag being made in thirty-seven

fathoms.

The first haul was made on the evening of 2nd June, on the edge of

the deeper water, in sixty fathoms, on a fine sandy bottom, approximately
about ninety miles east from Buchan Ness. The catch was not com-
pletely recorded, but it included twelve cod, a basket of haddocks, one-

and-a-half basket of witches, and two specimens of the Great Silver

Smelt {Argentina silus). The next haul was made for four hours a
little farther on, in eighty fathoms, the catch consisting of 466 fishes,

of which 429 were marketable. It included fifteen cod, fifty-two codling,

164 haddocks, thirty-five whitings, five coal-fish, a ling, a tusk, four

megrims, and 156 witches. The next haul was made in the same locality

in eighty-one fathoms, and was somewhat better, the fishes taken num-
bering 690, of which 628 were marketable. It comprised five cod, 142
codlings, 229 haddocks, seventeen whitings, six coal-fish, two ling, one
tusk, 253 witches, twenty-three long rough dabs, and one grey skate.
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Five Norway haddocks were also caught in this drag. Two other trawlers

were working on the same grounds.

The fourth haul, in seventy-nine fathoms, yielded 973 fish, of which
805 were marketable, the catch including eleven cod, 122 codling, 292
haddocks, 307 whitings, three coal-fish, four ling, three tusks, and 155
witches. A bib {Gadus luscus) was also taken. One haddock among
those taken in this drag, on 3rd June, was spawning, illustrating the

fact that the spawning season is later on the deeper northern grounds
than farther south, although the bottom water, judging from the few
observations made, was only half a degree colder than at the Fisher

Bank, where none of the haddocks were observed to be in spawn—and
the condition of the haddocks in this respect was made a special point

of enquiry. The surface temperature at the Fisher Bank was about
2'5° F. warmer than in this locality.

The fifth haul was made in the same place, in eighty-one fathoms

—

the deepest of the series—and on a muddy bottom. The total catch

was 831 fishes, of which 762 were marketable and 69 unmarketable. It

comprised 12 cod, 100 codlings, 281 haddocks, 46 whitings, two saithe,

one ling, three tusk, 335 witches, 18 megrims, and a grey skate, as well

as three Norway haddocks.

Other six hauls were made in this neighbourhood, and the particulars

of the seven hauls which were completely recorded are as follows, the

depths ranging from seventy-six to eighty-one fathoms. The aggregate

number of fishes caught was 5244, or an average per four hours' haul of

749-1, the average per hour's fishing being 187-3. The marketable
fishes numbered 4571, with averages respectively of 653 per haul and
163-2 per hour. The unmarketable fishes numbered 673, the respective

averages being 96*1 and 24. The particulars for the various species are

given in the following Table :

—

Flat Fish.

Plaice.
Lemon

. Sole.
Witch.

Common
Dab.

Long
Rough
Dab.

Megrim. Halibut.

No. 1 1,574 2 413 146 1

Av. per haul, 0-16 •224-8 •3 59-2 20-8 0-16

Av. per hour, 0 04 56-2 0-07 14-8 5-2 0-04

Round Fish.

Cod. Codling.
Had-
dock.

Whit-
ing.

Gur-
nard.

Saithe. Ling. Tusk.
Cat-
fish.

No. 69 571 1,794 513 36 37 18 10 1

Av. per haul, 10-0 81-2 256-4 73-2 5-2 5-2 2-4 1-6 0-16

Av. per hour, 2-5 20-3 64-1 18-3 1-3 1-3 0-6 0-4 0-04

The single specimens of the lemon sole and the halibut were got in the

same haul in seventy-six fathoms, and the two common dabs in a haul

in seventy-nine fathoms. Long rough dabs were present in each haul
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in numbers varying from twenty-three to 167. The solitary cat-fish

was obtained in seventy-six fathoms. Codhngs were got in six of the

hauls in numbers varying from one to 142, saithe in each haul, the

highest number in a single drag being nine
;
ling were taken in six

hauls, in numbers varying from one to five ; tusk in four hauls, the

highest number in any haul being three. Gurnards were represented

in six of the hauls, the depths where they were taken running from
seventy -six to eighty-one fathoms, and the largest number in a haul

being fourteen.

Two grey skates were obtained in eighty-one fathoms, and one starry

ray in seventy-six fathoms. Thirty-five anglers were taken, the average

per haul being five ; the largest number in a haul was eight. Ten
specimens of the Norway haddock (Sebastes) were secured in three hauls

in seventy-six and eighty-one fathoms ; four specimens of the bib in

seventy-six, seventy-nine, and eighty fathoms ; two Norway pouts in

seventy-six fathoms, a Lumpenus at the same depth, and three argen-

tines in eighty fathoms.

Other five hauls were made in the same neighbourhood, but in some-

what shallower water, viz from sixty-four to seventy-one fathoms. The
bottom was muddy, and the duration of the hauls the same as before

—

namely, four hours. Complete records were made of the catches of four

of the drags. The aggregate number of fish taken was 2635, the average

per haul being 658*7, and per hour's fishing 164-7. The marketable
fishes numbered 2237, and the unmarketable 398. The particulars

regarding the numbers and averages of the various species taken are as

follows :

—

Flat Fish.

Plaice.
Lemon
Sole.

Witch.
Common
Dab.

Long
Rough
Dab.

Megrim.

No. . 462 193 40

Av. per haul, 115-6 48-4 10-0

Av. per hour, 28-9 12-1 2-5

Round Fish.

Cod. Codling.
Had-
dock.

Whit-
ing.

Gur-
nard.

Saithe Hake. Ling.
Cat-
fish.

No. . 50 83 1,567 124 22 65 2 4 2

Av. per haul, 12-4 20-8 392-0 31-2 5-6 16-4 0-4 0-8 0-4

Av. per hour, 3-1 5-2 98-0 7-8 1-4 4-1 0-1 0-2 0-1

Among the flat-fishes the principal change is a reduction in the

averages for those species represented—witches, megrims, and long

rough dabs. The average for cod is a little higher, those for codlings

and whiting reduced
;

ling and haddocks are also less, and saithe

increased, while hake is now for the first time represented by two
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specimens. There were also taken in these hauls two grey skates, two
starry rays, and seven anglers, as well as four argentines, two Norway
pouts, two bibs, a herring, and a mackerel. The two latter may have
been taken when the net was being shot or hauled, but I have previously

found herrings in the stomachs of anglers caught in from 62-65 fathoms
about sixty-five miles S.E. by E. of Sumburgh Head.*

The vessel left the fishing ground for port on the morning of 5th

June, and steamed seventy-four miles W.S.W.
The temperature records are as follows :

—

Date. Depth. Approximate Position. Air. Surface. Bottom.

1902.

31 May

Fms,

34
/Fisher Bank, 170 miles E. by S. from\
\ Girdleness . . . . /

50-5 48-2 43-2

1 Jime 34
/Fisher Bank, 160 miles E. by S. from)

t Girdleness . . . . /
52-3 48-9 43-8

2 „ 34
r Fisher Bank, 150 miles E. by S. from\
1 Girdleness . . . , /

49-6 48-4 43-2

3 June 79 80-90 miles E. from Buchan Ness 50-9 46 42-9

4 „ 76 80 „ „ „ . 51-0 46 42S

4 » 71 70 „ 49-3 46-3 43-2

5 „ 66 60 50-2 47 '0 43-2

4-. The Mm^ay Firth and Aberdeen Bay in October.

In October another series of trawling experiments was conducted in

Aberdeen Bay and the Moray Firth, the trawler used being the " Star

of the Sea," part of the hauls being recorded by Dr. H. C. Williamson.
The expedition had more than usual interest from the circumstance

that the vessel was equipped with a full-sized beam-trawl (50 ft. 6 in.)

on one side and an otter-trawl on the other, the intention being

to make a series of experiments on the same grounds by using the

nets alternately with the object of determining the comparative
efficiency of each kind of gear. As a practical appliance the beam-trawl
is now quite obsolete on steam-trawlers ; but for the purpose of bringing

certain statistics of previous years, when it was exclusively employed,
into relation with the statistics obtained after the otter-net was intro-

duced—a matter of much importance—it is necessary to have a series

of comparative hauls from the same grounds at the same time. Unfor-
tunately in this case the beam-trawl was lost in the second trial. It is

possible the beam itself, which was one discarded when the new net

came into vogue, was not as strong as if it had been new ; but the diffi-

culty of adapting the gear for otter-trawling to the beam-trawl may have
had something to do with the mishap.
The first haul made was with the beam-trawl in Aberdeen Bay on

2nd October, off the " Black Dog." The net was shot in twenty fathoms
and towed into shallow water, even into four fathoms, and after fishing

in a depth from that named upwards it was lifted in eighteen fathoms.

The haul lasted for five hours and twenty minutes, and the marketable

catch was a poor one, consisting of one cod, three baskets of small

haddocks, a basket of dabs, and a little over half a basket of plaice. The

* Nineteenth Ann. Rep., Part III., p. 288.
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numbers of the fish were as follows, the marketable being represented

on the first line (I.) and the unmarketable on the second line (II.) :

—

Plaice.
Com.
Dab.

Tur-
bot.

Long
Rough
Dab.

Cod.
Cod-
ling.

Had-
dock.

Whit-
ing.

Gur-
nard.

Starry
Ray.

Thorn-
back.

Total.

I.

II.

52

47

93

379

1

33

1 12 668

101

60

15 32 7 9

887

623

99 472 1 33 1 12 769 75 32 7 9 1,510

The plaice consisted of nineteen large, eight medium, and twenty-five

small but marketable, and forty-seven too small to be marketable, due
to the fishing in the very shallow water. There were only three large

haddocks, and 665 small but marketable, besides 101 too small to be
marketable.

The second haul was made in the same place, the net being shot in

seventeen fathoms and worked into six and ten and fifteen fathoms,

and it lasted five hours and fifteen minutes, or five minutes less than
the previous haul. The marketable catch in this instance consisted of

ten-and-a-half baskets of haddocks, four-and-a-half baskets of plaice,

one-and-a-quarter basket of whitings, one of dabs, and a quarter of a

basket of codlings, as well as eight cod. It was thus very much larger.

All the fish were enumerated, except the codlings. The number,
excluding the codlings, was 3300, of which 2968 were marketable and
332 unmarketable. Allowing twenty codlings for the quarter-basket,

the total of marketable would be increased to 2988 fishes.

The details are as follows :

—

Plaice. Lemon Sole.
Common

Dab. Long RoughDab. Cod.
Codling.

Had- dock.
Whit-

ing. o %
Starry

Ray.
Thorn- back.

Angler. Total.

310 5 168 8 [20 ?] 2,316 161 2,968

IL 62 2 162 31 37 9 3 13 6 7 332

372 7 330 31 8 [20?] 2,353 170 3 13 6 7 3,300

All the fishes, except the long rough dabs and the gurnards, were in

greater numbers than in the preceding haul with the beam-trawl.

Little can be deduced from a single drag with each net as in this

experiment, but as it is, so far as I am aware, the only one of the kind yet

made, it may be worth while to discuss the results. The number of flat-

fishes taken with the beam-trawl was 605, or 40-0 per cent, of the total

catch ; with the otter-net the number was 740, or an excess of 135, but
the percentage was only about half, viz. 22*4 per cent. If the skates and
rays be included—and they are equally characteristic bottom fishes

—the number in the case of the beam-trawl becomes 621 and the

percentage 41*1, and in the case of the otter-trawl the number is 759
and the percentage 23. The deduction from these figures, considered

alone, is that the otter-net is more efficient than the beam-trawl in

catching flat-fishes in the proportion of 1*22 to 1, or 22 per cent.

—

in other words, that the spread of the net in fishing is that percentage
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greater than the width of the beam-trawl. Since the width of the
mouth of the beam-trawl is constant and known, viz. fifty feet six inches,

the width of the mouth of the otter-net at the ground would then be
about sixty-one feet six inches. In this instance the length of the head-

line between the otter-boards was 140 feet, and, on the supposition above
stated, the arc of the line in fishing would absorb over 78 feet, the
proportion of the distance between the boards to the length of the head-

line connecting them being as 1 to 2*2. This is not very greatly different

from the results of the experiments with the small nets of the " Garland "

last year,* where the ratio of breadth to length of head-line was found to

be as 1 to 1'9, and the calculated width of the mouth of a large otter-net

with a head-line of 130 feet was placed at 68| feet.

No certain conclusion as to the precise fishing-width can, however, be
based upon a single experiment, but the result, so far as it goes,

supports the opinion I previously expressed, that the spread of the

otter-ti-awl on the ground is much less than is usually supposed. It

will be noticed, moreover, in the above experiment that the proportion

of the various species of flat-fishes varied considerably in the two cases,

plaice giving the majority in the catch of the otter-trawl and dabs in

the catch of the beam-trawl. The circumstance shows that the ground
worked over in the two drags was not quite the same ; the slight excess

of long rough dabs in the catch of the beam-trawl probably indicates

that it was conducted on the whole in somewhat deeper water.

The difference in the catch of the round-fishes in the two cases is

very marked. The beam-trawl caught 889 and the otter-trawl 2534, or,

allowing twenty codlings for the quarter-basket, 2554. The proportion

was thus 1 to nearly 2*9, as compared with 1 and 1-22 in the case of the

flat-fishes. The greatest proportional increase was in cod—but the

numbers were quite small,—and next in haddocks, which formed the

great bulk of the catch. The result agrees with the conclusion pre-

viously reachedjt that the arc of the head-line in fishing is not horizontal,

but rises high in the water, and thus takes many of the active round-

fishes that were above, or got above, the beam of the beam-trawl.

The third haul in Aberdeen Bay was with the otter-net, in from ten

to eighteen fathoms, ofi" Collieston, and the catch was a heavy one, con-

sisting for the most part of 23 1 baskets of haddocks— all but half a

basketful being small or " thirds,"—four baskets of whitings, 3| of

codlings, three of plaice, and half a basket of dabs, as well as five cod,

three turbot, and two black soles. The latter is a very rare fish on the

east coast of Scotland, but one or two are occasionally taken while

trawling in the bays and firths.

The number of fishes caught in the three hours and twenty minutes

during which the drag lasted was 7023, perhaps the largest in the

records, owing almost entirely to the quantity of small haddocks, w-hich

were extremely abundant last autumn over almost the whole of the

North Sea. Of the total, 6732 were marketable and 291 unmarket-

able. The codling taken were also exceptionally numerous, viz. 623, of

which 578 were marketable. The haddocks numbered 5098, all but

eighteen marketable, but there were only thirty-two large ones, or

" firsts," and fifty-two mediums, or " seconds," the small or " thirds
"

numbering 4996. Whitings were numerous—772, of which 690 were

marketable. The details of the catch are as follows, I. representing the

marketable and II. the unmarketable fishes :

—

* Twentieth Ann. Rep., Part III., p. 122.

t Loc. cit.
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Cod.
Cod-
ling.

Had-
dock.

Whit-
ing.

Tur-
bot.

Black
Sole.

Plaice.
Lemon
Sole.

Com.
Dab.

Thorn
back.

Stari-y

Ray.
Total.

I. 5 578 5,080 690 3 2 132 2 240 6,732

II. 45 18 82 11 2 124 2 7 291

5 623 5,098 772 3 2 143 4 364 2 7 7,023

The next haul was made on 4th October in the Moray Firth, at

Burghead Bay, in from nine to fourteen fathoms, and it lasted for four

hours and ten minutes. Only the marketable fishes were enumerated,

and of these 2473 were taken, consisting mostly of small haddocks and
small plaice. The catch included two cod, ninety-two codlings, and 1083

haddocks, of which only seventy-two were large or " firsts," all the

others being small. Whitings numbered 150, and gurnards, 228—this

part of the coast being usually very rich in gurnards—while one hake
and one ling were also taken, as well as a mackerel. Among the flat-

fishes plaice numbered 730, of which 458 were very small ; there were
also twenty-seven common dabs (marketable), 122 witches, and
twenty-one lemon soles. The unmarketable fishes, consisting mostly of

dabs, haddocks, and gurnards, filled fourteen baskets.

The next haul was made in the same place, in from five to twenty
fathoms of water, but mostly in from seven to nine and a half, for four

hours and forty minutes, and the marketable catch consisted of 3598
fishes, haddocks and plaice again forming the greater proportion.

The haddocks numbered 2225, but they were, with the exception of

sixty, all small ; the fourth selection of very small marketable fishes

numbered 857, and the "thirds" 1308. There were 696 marketable
plaice, of which 407 were "thirds," and 114 "fourths," or the smallest

marketable. The marketable common dabs numbered 409, and four

witches, thirteen lemon soles, and one black sole were included. The
unmarketable fishes, mostly dabs, filled twelve baskets.

The third haul in the Moray Firth, on the same ground, in from five

to nine fathoms, lasted for four hours and twenty minutes, and the

catch was a large one. The marketable fishes, which were alone

enumerated, numbered 4786, comprising 2014 haddocks, 2139 plaice

—

of which 1354 were " fourths" and 536 " thirds "—482 common dabs,

thirty lemon soles, seventy gurnards, three brill, and six thornbacks,

as well as two saithe and forty codlings. The aggregate number of

fishes taken must have been very large, because those that were un-
marketable, mostly dabs and gurnards, filled fifteen baskets.

The catch of the fourth drag, in the same place, in four to eight

fathoms, and lasting five hours, was completely enumerated. The
fishes numbered 4532, of which 2397 were marketable, and 2135 un-
marketable. There were twenty-five unmarketable codling, 290
haddocks—the reduction in the numbers in this fish being no doubt
owing to the shallower water in which the drag was made—of which
twelve were unmarketable, seven whitings, 174 gurnards, and 2131
plaice, of which 827 were medium, 174 large, 548 small, 160 " fourths,"

and 425 unmarketable. Common dabs numbered 1885, all being
unmarketable except 245, and there were also one ling, three small

lemon soles, fourteen thornbacks, and two sand-eels, as well as 240
squids.

Other five hauls were made in Burghead Bay, in from five to

twenty, and mostly in from six to thirteen or fourteen fathoms, the
c
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highest catch of marketable fishes being 2404, chiefly haddocks and
plaice.

The marketable fishes obtained in the nine drags are as follows, with
the average per hour's fishing :

—

(1) No.

Av.

Cod.

5

0-1

Codling.

287

8-0

Haddock,

9,227

252-8

Whiting. Gurnard,

160

4-4

884

24-2

Saithe.

2

0-03

Hake.

2

0-03

Ling.

2 I

0-03
i

Plaice. Brill.
Common
Dab.

Lemon
Sole.

Witch. Thorn back.

(2) No.

Av.

7,903

216-5

27

0-8

1,558

42-7

72

2-0

226

6-2

54

1-4

The aggregate number taken, including a mackerel and a grey skate,

was 20,412, or an average per hour's fishing of 559*2, a very consider-

able proportion. The bulk of the catch consisted of plaice and
haddocks, but if the unmarketable fishes had been included, it is

probable that the first place, so far as numbers are concerned, would
have been taken by the common dab. Particulars were kept of the

selections made on board of the haddocks and pl-aice according to their

sizes, and the particulars are of interest. Both were divided into

four classes, firsts or large, seconds or medium, and thirds or small, and
fourths or extra small, a division which has come into vogue owing to

the rise in the price of fish. The fourth class, and perhaps the smaller

of the third, were previously not brought to market. The numbers
of each are as follows :

—

1st,

2nd,

3rd,

4th,

Plaice.

458
2,089

2,847

2,509

7,903

Haddock.

168
60

8,142

857

9,22^

Thus sixty-seven per cent, of the plaice and ninety-seven per cent, of

the haddocks were small. Medium haddocks were especially scarce

and less abundant than the large ones. Whitings were remarkably

few in numbers, only 160 having been procured of marketable size in

the nine hauls, while gurnards, on the other hand, as compared with

Aberdeen Bay and the inshore places on the northern side of the Firth,

were abundant.
The catches, as will be observed from the Tables, began to diminish

in productiveness after the third haul. The first three drags yielded

10,855 marketable fishes in thirteen hours and ten minutes' trawling;

the next three drags yielded 6835 marketable fishes in thirteen hours

and thirty minutes' trawling. The eighth haul produced only 937, and
the ninth 1131, marketable fishes. This reduction in the numbers
might be regarded as an instance of the temporary clearing away of the

bottom fishes on a limited ground by the repeated action of the trawl

;

and to some extent this may be the case, for the total of 20,412 is a



of the Fishery Board for Scotland. 35

large one for thirty-six and a half hours' work. But in the last drag the

net was found to contain a very large number of dog-fishes, showing

that the ground had been invaded by these predaceous forms, and in

such a case it is usual for the other fishes to move away.

The occurrence of dog-fishes in this region, where they have not

uncommonly been taken, and the frequent presence of various other

species characteristic of deeper water, as ling, hake, Lumpenus, the

Norway pout, (fee, is probably explained by the extension along the

southern coast of the Moray Firth of a channel or gut of deeper

water, an offshoot from the North Sea, along which the fishes referred

to make their way.

The next haul of the trawl was made in the Dornoch Firth, off

Dunrobin, on the night of 6th October, in from eight to thirteen

fathoms. As a result of the four-and-a-half hours' drag only 405

marketable fishes were secured, including thirty-six haddocks, thirty

gurnards, 295 plaice, thirty-four common dabs, and six thornbacks.

The second haul on this ground was more productive ; it was made
in from five to twelve fathoms, and lasted for four hours and a quarter.

The aggregate number of fishes taken was 2282, of which 1544 were

marketable and 738 unmarketable. Haddocks were again scantily

represented, totalling thirty-four, of which eight were too small to be

marketable, the other twenty-six being all large. This is not un-

commonly the case in the Dornoch Firth, where some of the largest

haddocks I have seen were taken. These old and large fish, occasion-

ally very thin and infested with ectoparasites, and rarely fat, are

probably sluggish and less able to escape their foes than when
smaller, and make their way into the shallow bays, where they are

much more secure from the attacks of the larger predaceous forms.

The plaice taken numbered 1519, all but ninety-seven of market-

able size. The large class was represented by fifteen individuals, the

medium by 202, the small by 480, and the very small by 725.

Among the other flat-fishes were four brill, five lemon soles, and 618
common dabs, of which twenty were marketable. There were also

eighty-nine gurnards, seven thornbacks and six anglers, and twenty-

five squids.

The next drag was also productive, yielding 1957 fishes, 1605 being

marketable. The catch included fourteen cod, ninety codling, 170

marketable haddocks—of which 115 were large, twenty medium, and
thirty-five small,—eleven whitings, and sixty-six gurnards. Among the

1335 plaice taken, 1218 were marketable, the large class comprising

fifty-three, the mediums 158, the small class 358, and the very small

649. There were also three brill, nineteen lemon soles, and 228
common dabs.

Other six hauls were made in the Dornoch Firth, the total catch

varying from 3814 to 506 ; in the latter instance, however, the net

caught on the bottom and got torn after being down forty-five minutes.

The largest catch included eighteen baskets of haddocks, mostly large,

nine of plaice, one-and-a-quarter of codlings, and one of gurnards, as

well as eight cod, two brill, five lemon soles, eighty common dabs, and
six thornbacks.

The aggregate number of fishes obtained in the eight hauls which
were completely enumerated, and which comprised thirty-one-and-a-

half hours' actual fishing, was 18,084, of which 12,284 were marketable
and 5800 unmarketable, the average numbers per hour's fishing

being respectively 574*1, 390, and 184*1. It was considerably less,

therefore, than at Burghead Bay. The particulars are as follows, I.

representing the marketable and II. the unmarketable fishes:

—
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r3
o
O

25

Codling. Had-
dock.

Whit-

ing.
Gur- nard. Plaice. Lemon Sole.

Common

Dab.
Brill.

Thorn- back.
Angler.

Total.

I.

II.

311

39

2,382

42

16

12

555

127

8,591

1,086

42

2

299

4,473

23 -40
1

. i . 19

12,284

5,800

25 350 2,424 28 682 9,677 44 4,772 23 40 19 18,084

Av. per hour, 0-8 11-1 76-9 0-9 21-6 310-4 1-4 151-5 0-7 1-4 0-6 574-1

It will be seen that plaice occupied first position with a total of 9677,
of which 8591 were marketable ; dabs followed with 4772, comparatively-

few being marketable, the third place being occupied by haddocks with
a total of 2424, all save forty-two being marketable. Whitings were
very poorly represented, the total being only twenty-eight, but gurnards
were abundant, and the number of brill was considerable, viz. twenty-
three. It may be of interest to compare the average catch of the

marketable fish per hour's fishing with the corresponding averages

for Burghead Bay on the south coast, and I place them here in

conjunction :

—

Cod. Codling. Had- dock.
Gur- nard. Thorn- back. Plaice.

Lemon Sole.

5

o&
O

Brill. Witch.

Burghead Bay, 01 8-0 252-8 4-4 24-2 1-4 216-5 2-0 42-7 0-8 6-2

Dornoch Firth, . 0-8 9 9 75-6 0-5 17-6 1-4 272-7 1-3 9-5 07

In the case of gurnards and common dabs the comparison of the

marketable fishes alone may not accurately represent the true pro-

portions caught, because the selection of these cheap varieties may
differ.

The proportions of the various selections of the plaice and haddocks
taken in the Dornoch Firth in the hauls in question are these:

—

Plaice. Haddock.

1st, . - - - 262 1.630

2nd, - - - - 1,398 234
3rd, - - - - 2,424 518
4th, . - - - 4,507 —

8,591 2,382

If compared with the similar figures for Burghead Bay (p. 34), the great

diflference in the proportion of large and small haddocks in the two
places is apparent. In the former locality the percentage of small

plaice was sixty-seven, while in the Dornoch it was 80*7 ; the percentage

of small haddocks at Burghead Bay was ninety-seven, and at the

Dornoch it was 24*3.

The results in the Dornoch Firth did not show any diminution of the

catches in the later hauls such as was exhibited at Burghead Bay. On
the contrary, the later hauls were rather more productive than the

earlier ones. Thus the first three, which lasted altogether for thirteen
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hours and a half, yielded 7038 fishes, of which 5002 were marketable,

while the last three hauls, which lasted for thirteen hours, produced

8790 fishes, of which 5946, or nearly a thousand more, were marketable.

With regard to flat-fishes, the aggregate number of plaice in the first

three hauls was 4170, and in the last three 4164 ; the number of dabs

in the first three hauls was 1539, and in the last three 2432.

The vessel left the Dornoch Firth on the morning of 9th October, the

next drag being made for four hours and forty minutes, just outside of

Tarbet Ness, in from nine to twenty fathoms. The catch consisted of

1971 fishes, the marketable numbering 1488, and the unmarketable
483. Included in the total were 106 codlings, 100 haddocks, none of

which were small, and 118 gurnards, mostly large. The plaice numbered
1245, of which 1153 were marketable, 615 belonging to the fourth class,

366 to the third, 119 to the second, and 53 to the first. The number
of common dabs was 390, and there were also three brill, four lemon
soles, and five thornbacks.

The next haul was made a little farther out, in from nineteen to

twenty-five fathoms, Tarbet Ness bearing W.S.W., and it lasted for

three hours and twenty minutes. The fishes taken numbered only 629,

of which 452 were marketable. Included amongst them were
three cod, twenty codlings, 146 haddocks—sixty-seven large, thirty

medium, and forty small,—ten whitings, two ling, and fifty gurnards.

The flat-fishes comprised 242 plaice, of which 219 were marketable, viz.

twenty-four large, seventy-four medium, twenty small, and 110 very

small, and twenty-three too small to be marketable. There were also

fourteen lemon soles, all marketable, 139 small common dabs, and
three thornbacks.

The vessel then steamed to Aberdeen Bay, where three drags were
made on 10th October. The first, in from five to twelve fathoms, oflT

Newburgh, lasted for four hours and a quarter. The catch was not
enumerated, but it was considerable, consisting of twenty-one baskets of

small haddocks and three-quarters of a basket of large, and seven

baskets of plaice, three containing mediums, two small, and two extra

small. There were also a basket of common dabs, a brill, a codling,

and twenty whitings. The unmarketable fishes filled three baskets, so

that the aggregate quantity was about thirty-three baskets.

In the third haul, which lasted for five hours, in from five to ten
fathoms, 2574 marketable fishes were taken, viz. 1572 haddocks, all

except fourteen large belonging to the third class, 817 plaice, of which
twelve were large, 372 medium, 223 small, and 210 very small, two
brill, 160 common dabs, and twenty-three gurnards.
The fishes taken in the second haul were enumerated, the haul lasting

for five hours and ten minutes, in from four to twelve fathoms. The
total number was 3003, of which 2619 were marketable and 384 un-
marketable. The haddocks numbered 1555, and comprised ten large, no
mediums, and 1522 small, besides twenty-three too small to be saleable.

There were 948 plaice, 839 being marketable, viz. 228 mediums, 341
small, and 270 very small ; there were also 109 unmarketable. Besides
these were thirteen codling, nine whiting, thirty gurnards, three brill,

and 445 common dabs.

II. Special Statistics of North Sea Fisheries.

In last annual Report* I discussed in some detail the statistics

relating to the North Sea fisheries, particularly in connection with
trawling, and formulated a scheme of statistics with the special object

* Ticentieth-Ajin. Rep., Part III., " North Sea Investigations," p. 74 et se^., p. 135.
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of ascertaining in a definite way the productiveness of the fishing

grounds in successive years. The principal points emphasised were the
necessity of dealing with the catches of the individual vessels, those
using different methods of fishing being kept separate and distinct, and
the obtaining of particulai's as to the precise locality where the fish were
caught. I also furnished tables, illustrated by charts, giving these

particulars for a large number of trawlers fishing throughout the year
1902, and during part of the year 1891. This system, which I described
before the Committee on Ichthyological Reseai-ch in October 1901,* and
was commended by them, was also approved by Continental experts, and
has been continued since.

It has, however, been deemed desirable that the detailed information
thus acquired, which also throws much light on the distribution and
migration of the food fishes on the different grounds, as indicated in the
following pages, should be reserved for the use of the International

Committee now engaged in fishery research in the North Sea, and I

propose here only to indicate a few of the points of contrast between
the returns for 1901 and those for 1902.

The great variation in the relative abundance or distribution of the
various food fishes on the grounds in the different parts of the North
Sea is again revealed, more particularly when the deep-water areas to

the south, south-east, and east of the Shetlands are contrasted with the

more southern and eastern areas, where the water is not so deep. As I

pointed out last year, this fact may exercise a very considerable influence

on the statistics of the fish landed according to the areas which are

chiefly frequented by the fishing vessels in any particular year. The
circumstance adverted to f that trawlers last year had resumed opera-

tions in greater force on the Fisher Bank than for some time past, and
that this change in the locality of fishing would particularly affect the

catches of flat-fishes, especially plaice, witches, and megrims, has been
borne out by the facts. The accompanying Table, which shows the

number of landings from the various square-areas (as numbered in the

charts referred to) in each month of the year, so far as the particulars

were ascertained, indicates how greatly the area of fishing was shifted.

Squares XXY. and XXXI. represent the grounds known locally as the

Fisher Bank, and it will be seen that while only 34 landings from these

two areas were registered in 1901, there were no less than 173 in 1902.

On the other hand, the proportion in most of the areas to the south,

east, and south-east of the Shetlands was less, viz., XI., XIV., XVIII.,
and XIX. Thus, in the cases recorded, the quantity of plaice landed

from the two areas in question on the Fisher Bank was 128^ cwts. in

1901, while last year the quantity was 764| cwts. ; the aggregate from
all the trawlers fishing there (only part of whose catches are included)

was of course much greater. The effect on the statistics of fish landed

of this change will be readily understood from the Tables showing the

percentage proportions of flat-fishes in different areas.

Report of the Committee on Ichthyological Research, pp. viii., 1-8 ; 1901 [Cd. 1312],

t Twentieth Ann. Pi,ep., Part III., p. 86.

[Table.
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III. The Distribution and Migrations of the Food Fishes.

The investigations on board trawlers have also furnished a considerable

body of evidence with regard to the distribution of both young and adult

fishes on the deep-water grounds and on those inshore. The experiments
made by fixing on a small-meshed net around the cod-end of the otter-

trawl, in order to capture the smaller fishes which escape through the
meshes of the latter, give much important information as to the presence

at the time on the ground when the haul was made of the very young
forms of the food fishes, as described below. But the records of the
mat ketable and unmarketable fishes taken with the ordinary net are

likewise of importance, both in regard to the distribution of the fish

and to the action of the trawl in capturing immature individuals. It

will be found that the proportion of these taken diflfers largely with
different species.

In most cases the classification of the fishes adopted by the trawler,

into marketable and unmarketable, represents roughly the difference in

the size, since the value of most of those taken depends upon the size.

Thus, whether or not codling, whiting, haddocks, witches, (tc, be taken
to market or thrown overboard depends upon the size, for there is

always a market for them. But the selection may be somewhat diff'erent

at diff'erent times, or even by different men ; for example, if prices rule

high smaller fish than usual may be brought ashore ; if prices are low it

may be considered not worth while to take the smallest. Moreover, the

selection in the case of some of the cheaper kinds, as gurnards and dabs,

is very variable, and with some other forms usually considered inedible,

as anglers, the larger only are made use of, and it may be not at all.

The following sizes may be given as generally ruling whether the fish

are marketable or unmarketable:—Codling 11| inches, haddock 9-9

1

inches, whiting 9-9 1 inches, lemon sole 8-84 inches, witch 9-10 inches,

megrim 9-10 inches, brill and turbot 8-9 inches, cat-fish 14-15 inches,

ling 15-16 inches, tusk 14-15 inches, hake 15 inches. These limits are

derived from measurements on board the vessels, but the number of

small forms obtained of the four last is small.

A study of the facts shows that the proportions of the marketable and
unmarketable varies very considerably with different species, and
furnishes evidence of the presence or absence of the younger fishes on
the ground.

Plaice (Pleuronectes plcitessa).

The distribution of the young of this fish is well known, the very

young stages, following the assumption of the adult form, being found

at the margin of the beach or in shallow tidal estuaries as the Solway

;

and as they increase in size they move further out into somewhat deeper

water. In the hauls made on board the steam-trawlers the proportion

present varied very much according to the prevailing depth of water in

which the drag was made. In the foregoing pages and in the Tables

appended particulars are given showing this proportion in different

cases. But if all plaice must begin their bottom-life quite at the margin
of the sea, the cases where the larger plaice are taken is deep water at

considerable distances from shore acquire some interest as showing the

extent of the migration of this fish from its original habitat when
young. I have tabulated the hauls with this object in view, and
beginning with those nearest shore, and in least depths, I find that in

the Moray Firth, from about two and a half to four miles from shore,

in depths from eighteen to twenty-seven fathoms, sixteen or seventeen
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hauls yielded 796 plaice, none of which were unmarketable. Farther

off, on Smith Bank and near it, a number of hauls gave an aggregate of

417 plaice, none of which were unmarketable, the depths ranging from
twenty-two to thirty-five fathoms. In twenty fathoms, off" Tarbet Ness,

twenty-six were taken in a haul, and none were small ; in a haul in

fifty fathoms twelve miles off the south shore three were got, all large

;

and about eight miles off Kinnaird Head, in 83-85 fathoms, none were
taken in a haul.

In hauls extending into shallow water, as four, five, and six fathoms,

a small proportion of unmarketable plaice may be obtained.

At the depression off Aberdeen, known locally as the Dog Hole, in

depths from fifty-seven to seventy fathoms, and from eight to thirteen

miles from land, six plaice were got in seven hauls—viz., three in two
hauls in 57 fathoms, one in 58 fathoms, one in 65 fathoms, and one in

70 fathoms—and none were small or unmarketable.

In the hauls on the north-eastern grounds, several large plaice were
taken in about fifteen hauls in sixty-five fathoms, sixty-five miles S.E.

by E. of Sumburgh Head, Shetland, which was the nearest land. None
were taken in 63 and 81 fathoms, about 87| miles N.E. of Buchan Ness,

or about fifty miles from Fair Isle and sixty-five miles from the

Orkneys ; but nearer Fair Isle, about eighteen to twenty-two miles to

the south-east, in sixty-five and sixty-six fathoms, 193 plaice were taken
in October in nineteen hauls—some being got in each, the numbers
varying from one to twenty-six, and they were all large. The usual

range of their size was about twenty inches. Several measured twenty

-

six and twenty-seven inches, and the four smallest were 43'4, 39*0, 39*8,

and 37'5 centimetres—from seventeen to fourteen and three-quarter

inches. None were taken in seventy-five and seventy-eight fathoms
sixty miles S.E. by E. | E. from Flugga, Shetlands, the nearest land

being Whalsey Island, about fifty miles distant, nor at a point twenty-
two miles east in eighty-five fathoms, in latitude approximately 61°

; nor
in sixty-five fathoms sixty-five miles S.E. by S. 5 S. of Fetlar Island,

the nearest land being about fifty miles distant. Nor were any plaice

taken in the eleven hauls in from sixty-four to eighty-one fathoms, east-

wards from the northern part of the coast of Aberdeenshire.

These facts, while they prove the absence of the smaller plaice from
the deeper water, even in proximity to the coast, show that the adult

fishes may migrate from it considerable distances into deep water. The
deepest water in which any were procured was seventy fathoms, and the

greatest distance from land was sixty-five miles, in sixty-five fathoms.

The occurrence of plaice in the localities described, particularly near

Fair Isle, and their absence from the other localities, is probably

accounted for by the comparatively shoal water which extends for a con-

siderable distance eastwards from the Orkneys and up towards Fair Isle,

and which probably facilitates their wandering (Plate I.).

Of even greater interest are the phenomena presented by the plaice

on the Great Fisher Bank. In the hauls made there last June, in

thirty-four fathoms, about 170 miles E. by S. from Aberdeen, 519 plaice

were taken in nine hauls, some being got in each, the number varying

from eight to ninety-one—and plaice are said to have been some years

ago much more abundant there than they are now. None of these

plaice were small or unmarketable. The nearest land is Norway, but

from the existence of the deep water along that coast and other reasons,

it is improbable that the plaice in the region in question come thence.

The distance from the Danish coast (at the Limfjord) is 160 miles, and
it is probable that the plaice are derived from that quarter, or further

south, reaching the Fisher Bank via the Dogger. Our east coast is cut



42 Part III.—Twenty-first Annual Report

off from it by The Gut, and is more distant. The Fisher Bank plaice

must at all events travel a long distance from the beaches in the course
of their growth.

That plaice do travel great distances has been shown by the experi-

ments I made some years ago by marking large numbers in the Firth of

Forth and neighbourhood. It was found that they migrated northwards
along the coast, and some which had been liberated in the Firth of Forth
were caught a year and more afterwards in the Moray Firth, more than
150 miles from the place where they were set free. Still later, another
was re-taken near Dunnet Head, on the north coast of Caithness, near
the Orkney Islands, which must have travelled at least over 200 miles

from the place of liberation. In all these cases the movement of the
plaice was in a direction opposite to the prevailing surface current.*

From observations I have made on the rate of movement of the plaice

confined in the large tidal-tank at the Bay of Nigg Laboratory, some
idea may be gained of the distance that might be covered in a short

period. The plaice there are tame and swim leisurely around the tank
near the surface, especially at feeding time, and I found that while

gently swimming in this way they moved at the rate of from 100 to 140
feet in a minute. This leisurely movement, if continued for one hour,

would take them a distance considerably over a mile ; when disturbed,

as by pushing a stick into the water, they dart off with great rapidity.

Since the smallest plaice taken on the deep-water grounds w^as some
years of age, it is easy to understand how a distance of 50 or 100 miles

can be traversed by them by a leisurely movement, even if it were
accomplished at long intervals.

Flounder (Pleuronectesflesus).

In the hauls on the trawlers comparatively few flounders were taken,

and they were for the most part large, although not always taken to

market. From the known habitat of this fish—more shore-loving and
estuarine than the plaice in its early stages, and never wandering into

deep water when adult—this was to be expected, and the observations

made are chiefly of interest in connection with its migrations from the

shallows into moderately deep water.

The facts establish two well-marked migrations of the flounder from
the shallow water to the deeper water, one in early spring and the other

in autumn. The statistics of the " Garland" may be first summarised.

At the seven stations in the Firth of Forth, in 575 hauls of the net

throughout the year for ten years 1886-1895, the 321 flounders taken

were thus distributed in the different months ; the Table also shows the

distribution of the flounders taken in St. Andrews Bay in the same
period, and in the Moray Firth by the " Garland " in the years from
1886 to 1900:—

Eleventh Ann. Pup., Part III., p. 186. Fifteenth ibid., p. 374.

[Table.
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Jan. Feb.

March. April.

May.
June.

Aug.
Sept. Oct. Nov. Dec.

Forth—

No. - 4 21 104 114 36 23 3 3 4 0 0 10

Av. per haul, - 0-1 0-4 2-6 2-3 0-7 0-4 007 0-05 0-08 0-0

. .

0-0 0-2

St. Andrews-

No. - 0* 11 112 230 94 79 19 90 1 30 16 3

Av. per haul, - 0-0 07 4-7 14-4 7-8 3-3 1-0 4-5 0-1 1-1 0-8 1-6

Moray Firth-

No. - 0 11 15 2 0 10 12 9 0 0 0

Av. per haul, - 0-0 2 -,5 3-0 0-08 0 0 0-7 1-2 0-6 0 0 0-0 0-0

* Seven hauls. In the Moray Firth five hauls were made in January, none in March

—

which would have given a high average—19 in June, 19 in October, 12 in November, and
four in December.

These figures show how the numbers rapidly increase in February,

March, and April, and diminish in May and June, increasing again

slightly in August.
The particulars of the flounders taken by the trawlers employed in the

inshore waters of the Moray Firth and Aberdeen Bay may be contrasted

with those of the " Garland," but no hauls were made in the month
of April in either of the areas named, and not in Aberdeen Bay in

August :

—

Jan. Feb.

March. April.

May.
June.

July.
Aug.

Sept. o
O

Nov. Dec.

Aberdeen Bay

—

No. of hauls, - 2 1 3 8 5 7 3 2 12 12

No. caught. 0 1 14 33 6 5 10 87 143 5

Av. per haul, - 0-0 1-0 4-7 4-1 1-2 0-7 3-3 43-5 11-9 0-4

Moray Firth-

No. of hauls, - 3 18 14 18 18 5 14 10 14 27 23

No. caught, 0 220 786 1 0 11 194 0 0 2 9

Av. per haul, - 0-0 12-2 56-1 0-06 0-0 2-2 13-9 0-0 0-0 0-07 0-4

It is evident from these figures that the migration a little offshore in

spring is very marked, and that there is also a migration of the same
kind in autumn much less considerable, and not quite corresponding in

the period in the difierent regions so far as these hauls show. The
spring migration is for spawning, the spawning period being in Feb-
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niary, March, April, and May, and the fishes which are taken at this

time are large and ripe, e.g. in February and March in the Moray Firth

they were very large and spawning. In March 342 were taken in a

single haul in the Dornoch Firth, in from twelve to sixteen fathoms,

and other three hauls 3delded 148 ; of the total of 490 flounders only 54
were rejected as unmaiketable, although mature fishes. In Spey Bay
in four hauls 255 v/ere caui^ht, of which 219 were taken to market. In
Februaiy eight hauls in Burghead Bay, in from seven to thirty

fathoms, yielded no flounders ; three hauls in the same place at the

middle of March, in from seven to twelve fathoms, produced 39, all

large and marketable. In four hauls in the Dornoch in February, in

six to twelve fathoms, 215 were caught, all taken to market; in March,
as stated, the four hauls in the same place produced 490.

There is some evidence as to the depths and distance from shore that

may be reached by the flounders in their spawning migration. As a

rule they do not go above two or three miles from shore if the water is

of suitable depth ; but in some cases they may travel much further.

Thus, while none were taken in numerous hauls on Smith's Bank in the

summer and autumn, two large individuals were got there on 19th March
in one of five hauls in from nineteen to twenty-eight fathoms, the

nearest shore being about twelve miles distant, and a channel of deep
water, exceeding thirty fathoms, intervening between it and Smith's

Bank. Two large ones were also t?.ken on February 9th, in from
twenty-five to thirty fathoms, six miles east of Cromarty. In some
years also, flounders were taken by the " Garland " at the Firth of

Forth Stations VIII. and IX. ; the former in from twenty to thirty

fathoms, two to seven miles from shore, the latter in twenty-nine to

thirty-two fathoms, nine miles off. They mostly occurred at Station

VIII. in March and April ; in some years none were got in any month,
and in 1889 forty-one were caught, some at both stations, a very

unusual number, viz. nine in April, one in May, nine in June, thirteen

in July, four in August, and five in October. None were taken at

either station in that year in January, February, March, or November.
On referring to the temperature observations, I find that in that year

the bottom-temperature was above the mean in January and February,

in January by 2*2'' F. ; in March it was normal, while in April, May,
and June it was below the mean—in April by about 1° F., and in

May by 2*3° and 2-0° F. ; and in July, August, and October the tem-
perature of the bottom water exceeded the mean, at Station VIII., by
1-6° F. in July, 1-9° F. in August, 1-7° F. in October, and 0-5° in

November, and at Station IX. by 2-8° F. in July, 1-9° in August, 1-6°

in October, and 0*8" in November.
With regard to the subsidiary autumn migration, the largest number

of flounders was taken in the Dornoch Firth in August, viz. 194 in five

hauls in from five to eleven fathoms ; none were taken in June, eleven

were got in July in seven hauls, none in September in two hauls, and
none in October in twenty-six hauls. In Aberdeen Bay, on the other

hand, the largest hauls were obtained in October and November in from
six to sixteen fathoms ; no hauls were made in August.

It thus appears that the adult flounders leave the shallow waters to

spawn in spring in deeper water a little offshore, returning in June,
and that later many of them again move off.

Common Dab {Pleuronectes limanda).

In some respects the plaice occupies an intermediate position between
the flounder and the common dab. The quite young specimens of the
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latter, while abundant in the shallow water on the beaches and
estuaries, are not confined to them like the flounders and plaice, and
may be got in numbers beyond the range of the young plaice. The
adult is also more widely distributed, and is found in deeper water and
further from the shore than the plaice, but the numbers are much
reduced in the deeper water on the north-eastern grounds, where the

long rough dab, witch, and megrim exist in greatest profusion. On the

inshore grounds examined, in moderate depths, the dab is at least three

times more abundant than the plaice. In Aberdeen Bay a number of

hauls yielded 39,685 dabs and 12,475 pLiice, and when it is borne in

mind that a considerable proportion of the smaller dabs escape from
the meshes of the net—they can be seen swimming about the net when
it is hauled—it is evident the proportion is even greater than repre-

sented. In the Moray Firth the " Garland " caught altogether

24,615 dabs and 8813 plaice ; at the six inshore stations the proportion

was 1*3 dabs to one plaice, and at the outer stations in deeper water
the proportion was 24*2 dabs to one plaice.

The hauls made in the " Dog Hole," ofl" Aberdeen, in from fifty-five

to seventy fathoms, yielded ten plaice and 383 dabs. On the north-

eastern grounds the abundance of dabs is much less. In six hauls

made in September, in sixty-five fathoms, sixty-five miles S.E. by E. of

Sumburgh Head, the number taken was fifty-three ; some were procured
in each haul—from three to seventeen. In October none were got in a

haul in 81 fathoms 97 miles N.E. of Buchan Ness, nor in 63 fathoms,

871 miles N.E. But, as was the case with the plaice, on the grounds
about eighteen to twenty-two miles south-eastwards from Fair Isle, in 65
fathoms, they were represented, 756 being taken in nineteen hauls,

the plaice numbering 193. In the series of hauls made by the " Cale-

donia " in June, in from sixty-four to eighty-one fathoms, about eighty

miles east from Buchan Ness, only two were caught, both taken in one
drag in seveiity-nine fathoms. In two hauls taken in May, about sixty

miles S.E. by E. of Flugga, Shetlands, two were caught, both in seventy-

eight fathoms. In a haul twenty-two miles east from Flugga, in eighty-

five fathoms, none were got ; but in four hauls in sixty-five fathoms,

about fifty miles from the Shetlands—a ground which yielded no plaice

—no less than 1188 were taken, one five-hours' haul producing 529
specimens. On the Fisher Bank the dabs were less numerous than the

plaice, the nine hauls yielding only twenty-six.

The common dab may spawn far from shore and in deep water, for on
19th May most of those caught in the hauls in sixty-five fathoms, fifty

miles from land, were found to be nearly quite ripe, and some were
spawning. Ten females and five males which had passed through the

meshes of the otter-trawl and were caught in the small-meshed net were
subsequently examined and measured. They were all approaching ripe-

ness, the females ranging in size from 137 to 174 mm. (5|-6g inches)

and the males from 99 to 137 mm. (3g-5| inches). The temperature
of the bottom-water was 42° '5 F., and of the surface 46°-6 F.

While that is so, however, comparatively few young dabs were taken
in the small-meshed net in the deeper water. On the inshore grounds
they were taken in great profusion, as small as from 32 or 34 mm.
upwards in May, and under 40 mm. in September and October ; but
offshore the smallest individuals were much larger. For example, in

the haul above referred to the smallest was 99 mm. ; and in the

September hauls, south-east of Sumburgh Head, only six common dabs
were found in the small-meshed net, and they measured from 1 20 to

150 mm., while there was a profusion of small long rough dabs from
28 mm. and upwards. In the haul on 31st August in the same place
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there were nine, from 123 to 190 mm. The number taken in the

small-meshed net in two drags in October, in sixty-five fathoms, off Fair

Isle, was 38, measuring from 82 to 179 mm. (3:j-7 inches). In a

drag in eighty-five fathoms, east of Flugga, none were obtained in the

small-meshed net. The small dabs were more abundant but not
numerous at the " Dog Hole," off Aberdeen, those taken in the fine-net

in August measuring from 92 mm. upwards, in November 77 and
105 mm., and in December from 94 mm. In eighty-five fathoms about

eight miles from Kinnaird Head only one was got in July, and it

measured 171 mm.
From the relatively smaller abundance of the adults in the deeper

water, one would not expect the young to be in great numbers, but it is

surprising that none should have been procured. It is probable that

many or most of the common dabs found in the deep water at a

distance from shore make their way there from the shallower waters as

the plaice does. We know that the dab may move considerable

distances in a comparatively short space of time. As a result of the

labelling experiments to ascertain the extent of their wanderings, I

stated in the Eleventh Annual Report* that "it would appear from
these experiments that the common dab is much more active than the

plaice, that it moves freely about the territorial waters, going consider-

able distances in comparatively short periods, and travelling indifferently

in any direction offshore, or inshore, or along the coast." Some of the

labelled specimens travelled thirty-seven and twenty-nine miles.

Lemon Dab (Pleuronectes microcephdlus).

This flat-fish occurred in very many of the hauls, but only rarely in

any considerable numbers, and then for the most part in deepish water

in the neighbourhood of hard bottom. It seems to be widely scattered

about the North Sea, small forms being intermixed with the large

individuals. In Aberdeen Bay the few captured showed a consider-

able proportion of unmarketable, viz. fifty, to eighty-two marketable,

and this occurred throughout the year. In the Moray Firth they

were got on most of the inshore grounds sparingly, but in considerable

numbers off Lybster and Dunbeath in sixteen to twenty-four fathoms.

Six hauls there in October, in twenty-two to twenty-seven fathoms,

yielded 1106 lemon soles, 952 marketable and 154 unmarketable. In
November 179 were taken in one haul off Lybster, eighty-four of

which were of marketable size, and in January four hauls gave 232, all

but twenty-three being marketable. In May one haul yielded six, all

unmarketable. They also occur in considerable numbers on Smith
Bank at certain times. In May eighty-two were taken in a haul, all

but two of which were marketable. In June five hauls produced

sixty, of which eleven were unmarketable; in November an hour's

drag yielded twenty marketable forms, and in March four drags

furnished 238, all except ten of which were marketable. At the outer

stations of the "Garland" in the Moray Firth 1251 lemon dabs were

taken in 147 hauls, or an average of 8*5, while at the stations near

shore 427 were caught, the average being 2*6. The numbers taken at

the " Dog Hole " off Aberdeen in depths of from 57 to 70 fathoms

contrast with those got in Aberdeen Bay
;
eight hauls yielded 374, of

which all but twenty-five were marketable.

On the deep-water grounds in the north-east, lemon dabs were

scantily represented. None were taken in the haul in eighty-one

* Part III., p. 187
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fathoms, ninety-seven miles north-east of Buchan Ness, but in the

nineteen hauls near Fair Isle in October, in sixty-five fathoms, 179

were taken, twenty-six being unmarketable. In May, to the east of the

northern part of the Shetlands, in two drags in seventy-five and
seventy-eight fathoms, one was obtained which was unmarketable ; and
in the haul in eighty-five fathoms, twenty-two miles east of Flugga,

another was taken, too small to be marketable, as well as two 113 and
117 mm., in the small-meshed net. They were caught also further

south oflf Sumburgh Head in sixty-five fathoms, where four hauls in

May furnished seven, and six in September five, two of which were
unmarketable. Seven hauls in sixty-nine fathoms about fifty to

seventy miles oflT the northern coast of Aberdeen yielded only one

;

and ten hauls in from fifty-eight to seventy-eight fathoms, in May,
east and south-east of Sumburgh Head, furnished ten, one being un-

marketable. Twelve were obtained in the nine hauls on the Fisher

Bank at the beginning of June, one being unmarketable. The
largest taken in the deep water was 45*4 cm. (17| inches); many
measured from fifteen inches up to these ; few were under twelve

inches, and the five smallest were 174, 180, 189, 192, and 105 mm.
(or above 6f inches).

Vei'y small lemon dabs are very rarely taken. Holt has described in-

completely metamorphosed specimens about an inch in length, taken in

a shrimp trawl at depths of sixty-two and eighty fathoms, in August,

oflf the south-west coast of Ireland ; and later he found specimens from
a length of two to about four inches in the estuary of the Humber.*
I have also described specimens of two inches from twenty fathoms of

water,t and Cuningham found a very large number of young lemon
dabs on the Essex coast in June in from two to five fathoms, measuring
from three to five inches.+ In the course of the investigations with the

small-meshed net on board trawlers no large haul of young lemon dabs
was obtained, and indeed few that were very small were secured.

Moreover it appears, as already stated, that the smaller forms are

found scattered about like the adults. In many cases none were
obtained in the fine-net, and usually when present only from one or

two to half a dozen.

In Aberdeen Bay one taken in July measured 183 mm. (71 inches)

;

in August, of five, the smallest was 126 mm. (5 inches), and the largest

175 mm.; in September three measured 112 mm. (4| inches), 134 and
187 mm.; in November in one haul two measured 114 and 176 mm.,
and in another haul on the 9th in nine fathoms, one 91 mm. (3| inches)

was obtained. In December in several hauls a few were got, the

smallest measuring 137 and 148 mm. At the "Dog Hole," in deeper

water, small lemon dabs were occasionally taken, but often there were
none. In August, when 118 were taken altogether in both nets in

fifty-eight fathoms, the smallest measured 107 mm. (4| inches), the

next of the seventeen got in the fine-net being 109, 113, 117, 118,

122 mm., &c. On 30th July three were taken of 114, 118, and
131 mm. In the deep hole oflf Kinnaird He^id, about eighty-five

fathoms, one was secured which measured 143 mm. On the north-

eastern grounds, the two got in eighty-five fathoms in May, east of

the Shetlands, measured 113 and 117 mm. Some got by the "Garland"
in the Moray Firth, Firth of Forth, and Clyde were smaller. In May
in the Forth, in eight to ten fathoms, specimens of 104 mm. (4-i-

inches) the next being 118 and 119 mm.; in August the smallest

* Journ. Mar. Biol, ^.v.soc, iii., p. 399 ; 1885.

t Eighth Ann. Report, Part III., p. 168 ; 1889.

X The Natural History of the Marketable Marine Fishes of the British Islands, p. 241.
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measured 96 mm. (3| inches), 100, 106, 107, and 125 mm. In
twenty to thirty fathoms in July the smallest procured was 102 mm.
In the Moray >^irth in April and June the smallest were 105, 110,

118, and 138 mm. In the Clyde in March, in twenty-five fathoms,

males as small as 84 mm. (3| inches) and 87 mm. were taken, and in

October others which measured 87, 96, and 97 mm. It is noteworthy

that in the numerous catches of the shrimp-boats in the Solway Firth

which I examined throughout the year no lemon soles were present.

The rarity of the small lemon dabs under four inches ma}^ be due to

some extent to the inefficiency of the apparatus used in most cases.

The meshes of my fine-net were certainly small enough to take them
much under that size, and did in fact capture large numbers of dabs

and long rough dabs very much smaller. But it is possible that the

small individuals are not always raised from the bottom by the

ground-rope, especially of the larger trawl-nets. When small flat-

fishes kept in tanks are disturbed or frightened they bury themselves

in the sand, only the eyes remaining visible ; and if they do so when
the ground-rope approaches, or disturbs them, it will pass over them.

Larger forms no doubt also bury themselves, but when the ground-
rope touches them they dart forwards and upwards, getting above it

and into the net. The lemon dab, however, prefers hard ground, and it

is not improbable that the smaller forms exist in greater numbers in

.places where the trawl cannot be used.

There is one remarkable circumstance about the lemon dab which
was noticed, viz., the occasional occurrence of ripe individuals both

male and female of an exceptionally small size. As a rule few females

have been observed to be mature under nine or ten inches. Holt
found one mature at eight inches on the Irish coast ; and Cunningham
gives 8*2 and nine inches as the lower limit. Holt first fixed ten

inches and then twelve inches as the limit between mature and
immature, the latter for the North Sea. The male is stated to become
mature at a smaller size and as small as six inches.* The follow-

ing are records of much smaller ripe specimens of both sexes. In a

haul made in the Clyde on 5th September, in twenty-five fathoms,

east of Rhuad Point, Cantyre, forty-three lemon soles were taken.

Among them were two recently spent females measuring twelve and
three-quarters, and eleven and a quarter inches, the others ranging

from 212 to 114 mm. (8|-4| inches). I found one female, 173 mm.
in length and weighing 57'7 grammes, just spent, some mature eggs

being still in the cavity of the ovary. Another 147 mm. in length (5|
inches) contained fully ripe eggs and was spawning

; the weight of the

fish was 26*03 grammes; and another 171 mm. in length and weighing
53'15 grammes was also spent. The others were immature, those of

141, 137, 137, 123, and even 166 mm., having very minute eggs.

In other hauls made in from twenty to thirty-five fathoms, between
Sanda Island and Bennan Head, four or five miles south of Ailsa

Craig, on 14th March, a male 138 mm. (5| inches) long was quite ripe,

and two 84 mm. (3 inches) and 87 mm. (3^^ inches) were very

nearly ripe, the testes being large and white. A female 115 mm. (4|
inches long) had eggs measuring 0*14 mm.

Several small mature specimens were also obtained in the Moray
Firth. On 14th June, in thirty fathoms, fifteen miles E.S.E. of Tarbet

Ness, a female, 138 mm. (5|- inches) was found to be mature with quite

ripe eggs flowing ; the weight of the fish was 22*6 grammes, or con-

siderably under one ounce, and the weight of the ovaries 1*45 grammes.

* Eighth Ann. Re-port, Part III., p. 162 (1889) ; Tenth ibid., p. 239a. Journ. Mar.
Biol. Assoc., ii., pp. 218, 244 (1892) ; ibid., iii., p. 377 (1895).
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Another female, 145 mm. in length and weighing 26*9 grammes, was
in the same condition, containing quite ripe transparent eggs ; the

weight of the ovaries was 2*8 grammes. A third of the same length

was nearly ripe. Two males of 138 and 147 mm. were also nearly

ripe. On the other hand, some females caught on 22nd June, eighteen

miles from land, in thirty-five fathoms, measuring 118 and 132 mm.,
were quite immature, the eggs being only about 0*07 of a millimetre in

diameter. Off Caithness in twenty-five fathoms, on the 3rd June,

females of fifteen and sixteen inches and under were spawning, but the

only small lemon dab discovered was a male 131 mm. (5| inches) in

length from which the spermatic fluid was flowing.

It would be of interest to determine whether these very small mature
lemon dabs belong to a smaller " race " of the species.

Witch (Pleuronectes cynoglossus).

Only exceptionally in the inshore trawlings were specimens of this

flat-fish obtained, and then the haul had been extended into moderately

deep water. None were taken in Aberdeen Bay even in twenty or

twenty-two fathoms. At the " Dog Hole," from eight to thirteen

miles ofl', thirty were got in eight hauls, mostly in seventy fathoms.

In the Moray Firth they were occasionally caught off Burghead, and
less frequently in the Dornoch Firth, and particularly in the winter and
spring months, when they appear to extend into more shallow water
than in summer. In some of the deeper parts of the Moray Firth,

where the bottom is soft and muddy, witches abound, various hauls,

mostly for four hours, having yielded several hundreds. The influence

of the depth in relation to the numbers, providing the bottom is suit-

able, is shown by the following series of hauls in February ofl* Burghead
and towards Cromarty :—(1) two in seven to twelve fathoms, 94 and
191 ; (2) one in ten to eighteen fathoms, 249

; (3) four in twenty to

thirty fathoms, 273, 423, 337, 322, the average being 338*5; (4) in

twenty-five to thirty fathoms, 893, 279, 490, and 1079, the average

being 685-2.

Only four were got in nine hauls on the Fisher Bank, in thirty-four

fathoms, in June ; but on soft muddy bottoms on the north-eastern

grounds ofl" the Shetlands they occur in profusion, although not j|o

abundantly as a rule as in some parts of the Moray Firth. Thus,
seven hauls in from seventy-six to eighty-one fathoms, about from sixty

to ninety miles ofl" the northern coast of Aberdeenshire, yielded 1574,
thirty-six being too small to be marketable ; in four hauls in the same
region, but in sixty-four to seventy-one fathoms, 462 were taken,

thirteen being unmarketable. In ten hauls somewhat further north,

in May, in from fifty-eight to seventy-eight fathoms, 1253 were caught,

fifty being unmarketable, and they were mostly taken in the deeper
water. Four were taken in one haul in eighty-five fathoms, east of the
northern part of the Shetlands ; in eighty-one fathoms, further south,

164 were got in a haul, four being unmarketable. In this locality in

sixty-five and sixty-six fathoms nineteen hauls gave 1231, eighty-two
being unmarketable. The witch and megrim comprise almost all the
edible flat-fishes caught on the north-eastern grounds, where trawling,

for haddocks especially, is so largely pursued.

The number of small witches taken in commercial trawling is com-
paratively slight, the thin, narrow, pliant fish easily escaping through
the meshes of the net. It is uncommon to find any so small as five and
a half inches in the trawl-net, the usual limit being about eight inches.

The proportion of small unmarketable specimens among 9368 was 796,
D



50 Part III.—Twenty-first Annual Report

or about one in twelve ; the number rejected in the Moray Firth was
relatively greater than on the north-eastern grounds—viz., about one in

eight as compared with about one in twenty-two, showing probably that

the relative abundance of the smaller witches is greater in the Moray
Firth than on the deep-water grounds offshore.

The smallest examples procured in the small-meshed net in May, in .

eighty-five fathoms, off the Shetlands, was 200 mm. (7g inches), but on
neighbouring grounds others were obtained measuring 169, 176, 183
mm. (6§-7| inches). In December, in seventy-five fathoms, about

seventy miles S.E. by E. of Sumburgh Head, only one was got in my
net, and it measured 126 mm. or five inches, the smallest in the ordinary

net being 208 mm. On 10th March, about 75 miles east of Balta

Sound, midway between the Shetlands and Norway, in 70 fathoms, a

very small witch was obtained in my fine net. It measured 59 mm., or

21 inches. It was probably approaching one year of age. At the Dog
Hole, off Aberdeen, specimens of 114 and 118 mm. were taken on 30th

July, and others of 107, 109, 113, and 117 mm. on 21st August.
In the Clyde the " Garland" has obtained specimens of 106 and 114

mm. Holt has taken young witches about 1^| inches long in eighty

fathoms, off the Skelligs, on the coast of Ireland, in August.
On the grounds south-east of the Shetlands they were found to be

spawning in May. The largest specimen I measured was 62*1 cm. or

about 24| inches, but individuals above twenty inches are uncommon.
The witch was obtained by Bourne in 200 fathoms off the Irish coast,

and it has been got in over seven hundred fathoms.

Megrim or Sail-fluke (Lepidorhomhus whiff).

This fish was taken in less numbers than the witch, and like it mostly

in the deeper water offshore. Only two were got in Aberdeen Bay in

ten fathoms in December, and only a few in the Moray Firth, where 308

hauls by the " Garland " yielded forty-one specimens. Two were taken

in the Dornoch Firth in November in from seven to thirteen fathoms,

and nine off Dunbeath and Lybster in eighteen and twenty-four

fathoms in January. Like the witch it seems to extend more into the

inshore waters in winter. In fifty-five to seventy fathoms, off Aberdeen,

si^ty-six were caught in eight hauls in May, June, July, August,

November, December, and January, all but two being marketable. No
megrims were taken in the nine hauls on the Fisher Bank in June. On
the north-eastern grounds they were taken in the greatest depths

worked at—up to eighty-five fathoms—and they were most numerous, and
more so than the witches, at the places furthest north-east. F^r
example, in three hauls in seventy-five to eighty-five fathoms, east of the

northern part of the Shetlands, in May, only four witches were taken in

the otter-trawl and 251 megrims, sixty-four of which were too small to

be marketable. Still further north-east, about 275 miles from Aber-

deen, or eighty miles north-east from the northernmost point of the

Shetlands, approximately in Lat. 61^ 15^, they were found in May in

numbers, along with witches, haddocks, and picked dogfish, two hauls

producing six baskets of large haddocks, two and a half of mediums and
small, three of whitings, and five of megrims and witches, as well as 145

picked dogs. Only the unmarketable fishes were in this case enumerated,

but as the number of megrims of this class was 106 and of witches

eight, while the proportion of unmarketable to marketable is about the

same among witches as among megrims, it is evident the latter were in

much greater numbers. The smallest megrims in this case measured

163, 173, 182, 184, and 186 mm., or from inches upwards. I am
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informed by the trawlers that thej get numbers of megrims beyond the

100-fathom Hne.

No very small megrims were procured in the fine-meshed net. The
smallest in a haul in eighty-five fathoms in May was 114 mm. (4|
inches), the others, thirty-three in number, ranging up to 206 mm. (8J
inches). Others were taken in October off Fair Isle which measured
145, 154 mm., &c. Holt has described young megrims nearly trans-

formed, from 19 mm., and others sit various sizes. They were got in

deep water (80 fathoms) off the Skelligs in August, and others, from
three to a little over five inches, in about thirty fathoms in Ballin-

skelligs Bay.
The megrim, it may be said, was got in all the hauls in the deep

water off the Shetlands, and the numbers in different hauls did not

exhibit so great fluctuations as with the witch. It seems to be more
regularly distributed.

Scald-fish {Platophrys laterna).

No specimens of this species were obtained on the East Coast either

in the otter trawl-net, small-meshed net, or shrimp-net. Thirteen
specimens were got in the Clyde in October, November, and December.
They measured from 103 mm. to 123 mm. ; five were females, seven
were males, and the sex of the other was not determined.

TuRBOT AND Brill (Bothus maximus, Bothus rhombus).

Not very many turbot were obtained in the hauls on board trawlers
;

but a considerable number of brill were caught both in Aberdeen Bay
and especially in tiie Moray Firth. The total number of brill procured
during the investigations on board trawlers was 513 and the aggregate

of turbot was 95, the brill thus being about 5*4 times more numerous.
The figures show approximately the relative abundance of these two
forms on the inshore crrounds worked over—that is between about five

and twenty fathoms, but mostly between six and seven and fifteen or

sixteen fathoms. Had the investigations been carried on more exten-

sively in water somewhat deeper, the proportion of turbot would have
been slightly raised, because there is evidence that the turbot passes

out further from shore than the brill does. The " Garland, it may be
said, during the trawling investigations in the Moray Firth between
1886 and 1900, during which 308 hauls were made, caught sixteen

turbot and foriiy-eight brill, the proportion being here as 1 to 3.

P;itting other reasons aside, the proportion at the inner stations, in the

bays and territorial waters, was one turbot to 3*8 brill, and in the outer

stations one turbot to 1*7 brill. The number of turbot and brill

obtained at any time by the " Garland " was small, but it is of interest

to note that the proportion between the two species in the Firth of

Forth and St. Andrews Bay differs from that for the Moray Firth, the

turbot in both the former localities exceeding the brill in numbers in

the ratio of about 1 to 0*6.

As a rule only one or a few of either, more particularly turbot, were
taken in a haul, but sometimes the number was much larger, as many
brill, for example, as seventeen, eighteen, twenty-two, and twenty-three

being taken in a single haul, while the maximum number of turbot was
eleven—in between six and seven fathoms in Aberdeen Bay in

November. In some cases, particularly in the Moray Firth—and these

chiefly at Burghead Bay—very considerable numbers were taken in

winter when herrings and sprats, or both, were on the ground, the
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turbot and brill being predaceous and living to a large extent on these

clupeoids, as well as on the sand-eel,

I give in the following Table the particulars for the two places

;

in the Moray Firth the hauls at different localities are combined.

Aberdeen Bay. Moray Firth.

No. of

Hauls.
Tur-
bot.

Brill.
Her-
rings.

Sprats.
No. of

Hauls.
Tur-
bot.

Brill.
Her-
rings.

Sprats.

January, 2 1 11 2 27 9 1

February, . 1 18 3 19 83 12

March, 3 19 1 29 3 22

April, .

May, . 5 3 6 18 17 25 4

11 1 28 5 2* 18 2 7 • +

July, . 7 9 n
t 99 If 14 4 1 11 29

August, 14 6

September, . 5 5 1 10 2 11

October, 0 1 3 12

November, . 17 17 3 32 106 17

December, . 17 1 1 10 36 27 233 141

* One sand-eel. f Three sand-eels. % Sand-eels.

The number of brill and turbot caught, mostly at Burghead Bay, in

November, December, and January was considerable ; in the two former

months sprats were also known to be on the ground. The hauls,

indeed, in these months are of much interest as showing the extent to

which the presence of herrings and sprats causes predaceous fishes to

assemble to prey upon them. In thirteen hauls in December, for

example, while haddocks and whitings were almost absent, 383 large

cod, 406 codlings, mostly large and all marketable, and 233 anglers were

taken on the ground frequented by the herrings and sprats, the averages

per haul being 29"31 and 18—far above the usual. The herrings and

sprats included in the Table were all caught in the ordinary trawl-net,

but in the small-meshed net very large numbers were taken, and this

sometimes happened at times when none were got in the ordinary net.

The use of a net of this kind may thus throw light upon changes in the

abundance of many fishes at a certain place and time, the cause of

which might otherwise remain obscure or be erroneously interpreted. It

some instances, as at Sinclair Bay in June, it was found to be sand-eels

which were attractive to the brill.

None of the turbot taken, and only one of the brill, was so small as

to be unmarketable, showing that the young of these species under

about nine inches are not usually found within the limits of th depths

stated when the trawling occurred.

No brill were found at the Dog Hole, on the Fisher Bank, or on the

north-eastern grounds, and no turbot were got in the nine hauls on the

Fisher Bank. Two, however, were taken in a haul at the Dog Hole,

12| miles off Aberdeen, in seventy fathoms, on 5th November; one
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in sixty-four fathoms in June about sixty miles from the northern coast

of Aberdeen ; and one, 26 inches in length, in seventy fathoms, near

the Yiking Bank.
Thus the turbot, like the plaice, extends its wanderings into com-

paratively deep water at a distance from the land.

Halibut {Hippoglossus vulgaris).

Very few halibut were obtained in the course of the investigations

—

viz., ninety-six—and they were nearly all small. Most of them were
taken in the deep-water voyages off the Shetlands, sixty-three in

number, their sizes ranging from 17J to 49| inches, and running
almost always between twenty and thirty inches. They were got most
plentifully in the hauls off Fair Isle, in sixty-five fathoms, in October.

Six were taken in the nine hauls on the Fisher Bank, in thirty-four

fathoms, at the end of May and beginning of June, and all were small.

The number obtained in the Moray Firth was eighteen, taken in

January, February, March, May, June, October, November, and
December ; and fifteen were procured in Aberdeen Bay in May, June,
November, and December. None were taken in fifty-three hauls in

the Moray Firth and Aberdeen Bay in July, August, and September,

probably indicating that the small halibut at this period move off inio

deeper water, although it cannot be said that they are numerous at any
time in the shallower areas which were investigated. These smaller

forms, when taken, are usually found near rocky ground. Only one of

them was too small to be marketable. No halibut, it may be said, were
procured in the eight hauls in from fifty-three to seventy fathoms at the

Dog Hole, off Aberdeen. The smallest halibut I obtained were these :

—

In the Dornoch Firth in December, one measuring 35*3 cm. (14 inches),

and weighing 15| oz. ; in Aberdeen Bay, in from eight to eighteen

fathoms, on 1st November, one of 188 mm. (7| inches); off Dunbeath,
Caithness, in October, one of 285 mm. (11| inches).

The trawlers working on the north-eastern and northern grounds
always bring in a few halibut, mostly small—ranging about the sizes

stated above, and occasionally a large one is included in the '* shot."

They are much more abundant on the Faroe and Iceland grounds. I

have seen a " shot " from Iceland landed by a foreign trawler which
included many hundreds and perhaps thousands of small halibut,

many of them no larger than flounders. The supply of halibut, how-
ever, mostly depends upon the liners.

Little Sole or Solenette (Solea lutea). 0

This small pleuronectid was obtained occasionally in the ordinary

trawl-net, particularly in the Moray Firth, and also in the shrimp-net

and small-meshed net. Specimens were obtained in the Dornoch Firth,

off Lossiemouth, and in Burghead Bay in April, June, August,
November, and December, in from five to fifteen fathoms, and off

Lybster, Caithness, in November, in twenty-three or twenty-four
fathoms. Forty-five specimens were caught in the Moray Firth, besides

a number by the " Garland "—as many as twenty-two and fifteen in a

haul for an hour—in December, in ten to twelve fathoms, off the Suters

of Cromarty. In July, some years ago, the "Garland" found large

numbers spawning on Smith Bank, sixty in one haul.*

In Aberdeen Bay it was much more rare, ten specimens being taken
in October, November, and January. It appears to be still rarer

* Seventh Ann. Rep.y Fart III.^ p. 191.
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further down the east coast of Scotland. Two specimens are stated to

have been procured in St. Andrews Bay, and also pelagic eggs believed

to belong to this species,* but no specimen appears to have been ever

found in the Firth of Forth, notwithstanding the close examination of

that area, although three single eggs from the Forth—in March, April,

and Augvist— have been described as belonging to this species.t It is

stated by Cunningham to be common on the eastern grounds in the

North Sea and the Brown Ridges, and Petersen describes it as occa-

sionally occurring in Danish waters within the Skaw.+ It is also

fairly common on the south and west coasts of this country, and was
frequently taken by the " Garland " in the Clyde. It appears, however,
to be about as abundant in the Moray Firth as in the Clyde, and the

peculiarity of its distribution on the East Coast is noteworthy. Those on
the northern part of the East Coast, as the Moray Firth, may have
spread from the west around the north coast of Scotland. The largest

noted by me measured 138 mm. (5^ inches).

Black or Common Sole {Solea vulgaris).

This fish is rare on the East Coast, and its rarity increases as one goes

north. In the course of the investigations seven specimens were
procured, three in Aberdeen Bay and four in the Moray Firth. One
was taken in June, two in October, two in November, one in December,
and one in February. The " Garland," in 308 hauls in the Moray
Firth, procured two black soles, while further south, in St. Andrews
Bay and the Firth of Forth, twenty-three were taken in about a

thousand hauls. It is much more common on the West Coast.

Cod {Gadus callarias).

Cod, either adult or young, or both, were taken in most hauls of the

net both inshore and offshore at all seasons, but usually not abundantly,

unless there was a special cause for their congregation together. The
proportion between the adult cod and the codlings, and between the

marketable (or large) and the unmarketable (or small) codlings, however,

varied very much.
The total number of cod and codling taken in Aberdeen Bay in the

hauls with the otter-trawl in the course of the investigations was 1841,

of which 471 were cod, 1084 marketable codling, and 286 unmarketable
codling. In the Moray Firth the aggregate number was 5059, 1767
being adult cod, 2337 marketable codling, and 955 unmarketable
codling. ^
The averages for each class per hour's fishing in each of the months

in the two areas are as follows :

—

* M'Intosh and Masterman, op. ext., p. 398.

t Twelfth Ann. Rep., Part III., pp. 298, 299
;
ibid., Fourteenth, p. 226.

X Report of the Danish Biol. Station, iv., p. 46.

[Table
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Aberdeen Bay. Moray Firth.

Duration
of

Fishing.
Cod,

Codling.

Total.

Duration
of

Fishing.

Cod,
Codling.

Total.

I. II. I. II.

January,
H. M.
8 10 4-4 0*2 \j ^ 4 "8

H. M.

36 50 4'0 8*2 19*3

February, 4 0 0-2 3*2 0*0 3'5 75 5 4*4 3*5 0*3 8-2

March, - 12 5 149 97 -1 41*9 65 45 8"9 4'8 0'4 14*3

April,

May, 16 35 2 '4 U u O \J / O 0\J yj o 2*1 1 '7
J- /

4-6

June, 20 - 1'5 0-1 0-4 2*1 23 40 X. o 2 '4 0-6 4*3

July, 21 47 0-5 0-2 3-3 5-6 53 20 0-4 0-02 0-2 0-7

August, - 38 50 0-6 0-08 0-5 1-2

Sept., - 9 54 0*4 0-9 7-2 8-5 25 20 0-5 0-04 6-1 6-8

October, 28 10 0-5 23-3 2-6 26-4 72 20 0-4 6-1 0-6 7-1

November 32 35 1-8 0-6 0-6 7-3 103 - 1-3 3-6 2-1 7-0

December 1 0 1-0 10 67 - 5-7 6-4 0-8 12-8

158 16 3-0 6-8 2-0 11-6 634 40 2-8 3-7 1-5 7-9

Per cent, of total, 25-5 58-9 15-5 34-7 46-2 18-7

It will be observed that the number of cod visiting the inshore
grounds in the winter months is considerably greater than in summer,
although the averages for corresponding months do not agree in the two
areas. This, however, could not be expected, inasmuch as the quantity
of fishing in different months differed in the two areas, and in the Moray
Firth the hauls ofi*shore are combined with those in the bays. The
absence of information for April in the Moray Firth is regrettable, but
the high average there for March was caused partly by considerable
numbers being taken on Smith Bank, where spawning occurs, and partly
by large catches in the Dornoch, where herrings and sprats were present
at the time. The small proportion of the unmarketable codlings is

noteworthy, amounting in Aberdeen Bay to 15*5 per cent, and in the
Moray Firth to 18-7 per cent, of the total. The larger marketable
codlings, ranging from about a foot up to the cod in size, constitute in

both areas the greater part of those captured, the percentage in the
Moray Firth being 46*2, and in Aberdeen Bay 58-9. They, like the
cod, were also most abundant in the winter months, and, like them also,

scantily represented in summer. At this period they are probably to be
found in greater numbers offshore where the herrings are.

In the eight hauls made at the Dog Hole, off Aberdeen, in from
fifty-five to seventy fathoms, 263 cod and codlings were taken, twenty-
two being cod, 156 marketable codlings and 85 unmarketable; the
percentages are respectively 8*3, 59*3, and 32*3, and the average per
hour's fishing 2-3, 16*4, and 0*9 the average for all classes being 27-6.

The hauls were made in May, June, July, August, November (two),

December, and January, and the averages for these months are as
follows :

—
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Duration of
Cod.

Codling.

Total.
Fishing.

I. II.

15th January,
H. M.

2-0 6-0 2-0 10-0

13th May, 1 5 0-9 137 0-0 14-5

28th June, . 1 10 7-5 0-0 8-4 15-8

30th July, . 1 6 4-5 AO 4 10 0 46-5

21st August, 1 23 0-8 17-0 36-1 53-9

5th, 28th November, . 2 50 1-4 8-9 1-4 11-8

16th December. . 1 0-0 59-0 5-0 64-4

9 34 2-3 16-4 0-9 27-6

Per cent. 8-3 59-3 32-3

It will be found on comparing the averages with those given above

for Aberdeen Bay in corresponding months that the large cod in

summer were more numerous offshore ; in most cases also the large

codlings were more abundant, and in all cases the small codlings. The
number of hauls, however, is small.

In the nine hauls made on the Great Fisher Bank at the beginning

of June, in thirty-four fathoms, the cod was not very abundant, the

total number taken being 131, or 3'6 per haul; adult cod numbered
fifty-two, the average per haul being 1*4; marketable codlings

numbered 34, with an average of 0"9, and the small unmarketable
codlings forty-five, the average being 1*2. The percentages were

—

adults, 39*7, large codling 26*0, and small codlings, 34" 3. The averages

for large cod were very much the same in Aberdeen Bay and the

Moray Firth in the corresponding month, viz. 1-5 and 1*3
; those for

the larger codlings were less in Aberdeen Bay and greater in the Moray
Firth ; and those for the smaller codlings were less in both places.

The younger codlings were most abundant actually and relatively on
the Fisher Bank.

In the hauls taken In the deep water on the north-eastern grounds
the proportions were diff'erent. In those made towards the end of May
in from fifty-eight to seventy-six fathoms, to the south-east of the

Shetlands, the average number of cod taken per hour was I'O, of

marketable codlings 19*4, and of the small unmarketable codlings 0*3,

the average for all sizes being 20*7. The percentages were respectively

4'7, 93'8, and 1*5, showing a relatively great preponderance of the

larger codlings. In the hauls made in June further to the south, off"

the northern coast of Aberdeen, in from sixty-four to seventy-one

fathoms, the preponderance was not so marked. The average for the

large cod was 3-1, for the large codlings 4*9, and for the small codlings

0*2, and the percentages were 47*6, 59*4, and 3*0. In the same
region, but in somewhat deeper water, viz. from seventy-six to eighty-

one fathoms, the relative abundance of large codling was greater. The
averages per hour were, for cod 2*4, for large codlings 19-8, and for

small codlings 0-5, and for all sizes 22-9. The percentages were, for

cod 10-8, for large codling 86*9, and for the small codling 2*3. In a
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few hauls made in September in the same region, but further north

—

about sixty-five miles to the south-east of Sumburgh Head, the general

average for all sizes was 6*9; that for cod was 11*0, for large codling

88*5, and for small codling O'O. In October about twenty miles south-

east of Fair Isle, in sixty-five fathoms, the average for all sizes was
9-5

; for cod it was 1-9, for large codlings 7 '4, and for small codlings

0'17, the respective percentages being 19*7, 78*4, and 1*9. In the

following Table I give these figures in comparison with those for

Aberdeen Bay and the Moray Firth when the month is comparable :

—

No. of

Fish.

Average. Percentage.

Month Place. Depth

Cod
Codling.

Total. Cod.

Codling.

II. II.

May Aberdeen Bay
Fms.
9-16 50 2-4 0-6 0-02 3-0 78-0 20-0 2-0

Moray Firth 41-30 341 0-8 2-1 1-7 4-6 18-5 44-3 37-2

50-80 miles south-
easterly of Shet-
lands.

58-76 1,036 1-0 19-4 0-3 20-7 4-7 93-8 1-5

A-berdeen Bay 42 1-5 0"1 0*4 2-1 73-8 Zi 4

iviurdy r irtn O-OD 1-3 2-4 0-6 4-3 31-4 55-9 12-7

Fisher Bank 34-37 131 1-4 0-9 1-2 3-6 39-7 26-0 34-3

rA f\r\ *! J. 150-90 miles easterly

fromBuchan Ness
64-71 133 3 1 4-9 0-2 8-3 47-6 59-4 3-0

Do. do. 76-81 640 2-4 19-8 0-5 22-9 10-8 86-9 2-3

Sept. Aberdeen Bay 8-12 85 0-4 0-9 7-2 8-5 4-7 10-6 84-7

Moray Firth 6-30 171 0-5 0 04 6-1 6-8 8-2 0-6 91-3

65 miles S.E. of

Sumburgh Head
65 209 0-8 6-1 0-0 6-9 11-0 88-5 0-0

Oct. Aberdeen Bay 5-20 746 0-5 23-3 2-6 26-4 1-8 88-2 9-9

Moray Firth 6-30 516 0-4 6-1 0-6 7-1 5-4 85-8 8-7

18-22 miles S.E. of

Fair Isle.

65 857 1-9 7-4 0-17 9-5 19-7 78-4 1-9

Examination of these figures shows the variations in the difierent

areas at the times. Considering first the totals, it will be noticed that

the average is highest on the offshore grounds with the exception of

Aberdeen Bay in October. Cod were more numerous in the deep
water in each of the months except May in Abei'deen Bay, and
relatively more so in June in all the areas than in any of the other

months. In September and October the average was the smallest in

Aberdeen Bay and the Moray Firth, and it was low in the deep water.

The averages show the absolute abundance, but the percentages, which
show the relative numbers of the three classes, also indicate a prepon-
derance of the adult fishes in June, compared with the other com-
parable months.
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The second class, or large codlings, vary to a much greater
extent. On the deep-water grounds the average was nearly always
much higher in May and June than in September and October,
being 19-4 for May, 19-8 for June, and 6*1 and 7-4 for the two latter

months. In October the highest average of all was Aberdeen Bay with
23*3. The percentage of large codling was always high in the deep
water, being 93'8 in May to 59*4 and 86-9 in June, 88*5 in Septem-
ber, and 78-4 in October. In Aberdeen Bay it was 20-0 in May, 10*6

in September, and 88*2 in October. In the Moray Firth it was 44*3

in May, 55*9 in June, 0*6 in September, and 85*8 in October. In the
latter months the proportion in the inshore waters was thus high.

The variation in the abundance of the small unmarketable codling

was also very marked. In all cases the average was least in the deep
water hauls, ranging from O'O to 0*5 per hour's fishing, while in

Aberdeen Bay the average ranged from 0*4 to 7*2, and in the Moray
Firth from 0"6 to 6*1. The percentages also show a considerably

greater proportion of young codlings near the coast. Thus while in the
deep water the percentage to the older fishes was 1-5, 2*3, 3*0, 0*0,

and 1-9, it was in Aberdeen Bay 2-0, 2V4, 84*7 (in September), and
9-9, and in the Moray Firth 37-2, 12-7, 91-3, and 8-7. On the
Fisher Bank in June the percentage was 34*3.

These averages and percentages indicate that the cod in its younger
stages—up to about two years of age—is not present in numbers at the
bottom in the deep water, and that it is much more abundant near the

coast.

In considering the three classes into which the cod is divided by the

trawlers certain facts must be borne in mind. Those classed as cod and
marketable codlings represent the numbers on the ground at the time,

so far as can be determined by a trawl, that is to say none of them
escape through the meshes of the net. The averages therefore truly

indicate the numbers present, but there may be in some cases a slight

variation due to the selection, i.e. a largish fish may be classed some-
times with the codlings and sometimes with the cod. For the purpose
of determining the size-limits of the three classes I have tabulated

my notes of measurement in a considerable number of cases. The
lower limit of cod is usually about twenty-seven inches

;
occasionally

one at twenty-six inches was included. The upper limit of

marketable codlings was usually twenty-five inches ; in a few instances

I find twenty-six inches, and even twenty-six and a half and twenty-

six and three-quarters. The division may, therefore, be placed at

twenty-seven inches, which corresponds also with the approximate size

at which the majority of cod become mature for the first time. The
lower limit of marketable codlings ranges in different lots from ten

and a half to twelve, and even twelve and a half and twelve and three-

quarter inches, and the highest limit of the unmarketable from ten and
a half to eleven and three-quarters and occasionally twelve inches.

Eleven and a half inches may be taken to represent the division as a

rule. The lower limit of the third class or unmarketable varied in

different cases. Setting aside some instances in which a few of about

six inches were caught, the majority of the smaller forms had a mini-

mum size ranging from seven and a quarter to eight and a half and
occasionally to nine inches. Considerable numbers of these smaller

codlings must escape through the meshes of the net ; the largest found

in the fine-meshed net which had thus passed out had a size ranging

from, six and a half, up to eight, and occasionally to eight and three-

quarter inches. The third class is thus imperfect, but may be taken as

fairly representing the codlings between eight and a half or nine inches.
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and eleven and a half inches. In the course of the investigations the

number of cod and codlings recorded was 9631, grouped as follows :

—

Codling.

II.

From about 8^ or 9
inches to 11^ inches
and under two

years old.

Codling.

I.

from about 11

J

inches to about 27
inches, and from
under two to about

four years old.

Cod.

From about 27
inches upwards,
and from about
four years old

upwards.

1,416

7o 14-7

5,722

59-4

2,493

Vo 25-9

The first series of small codlings thus represents only a difference of

about three inches from the smallest to the largest, and a correspond-

ingly small range of age ; the large codling represent a difference of

about fifteen and a half inches, and the group of cod a range of usually

about twelve or thirteen inches, but it may be much more.

Although very young cod, younger than those included in the Table,

are not quite absent from the bottom on the offshore deep-water grounds,
the use of the small-meshed net showed that they were rare, compared
with the grounds in moderate depths. But, as Hjort's investigations

have shown, they may exist in fair numbers in the upper layers of water,

descending to the bottom as they increase in size. Compared with
many other fishes, the cod at all stages of its life appears normally to be
a widely-dispersed fish. 1 have been struck with this in examining the
hauls on the trawlers, a few, and only a few, cod or codlings being

generally taken in each drag. During the greater part of the year they
are dispersed and scattered, searching for food, collecting into shoals as

the spawning season approaches, and congregating in pursuit of the

herrings when that fish forms into shoals at certain times of the year.

The low proportion of cod and large codling in September, as indicated

in the Table above, may have been due to the latter reason, and the

high averages in the early part of the year on the inshore grounds
largely to the former. The occurrence, however, of a shoal of herrings

or sprats on the coast, as in the Moray Firth in December and Aberdeen
Bay in October, attracts great numbers of cod of all sizes. Some of the

quite small codlings were found to be gorged with sprats and young
herrings, and they were also living largely on the young whitings.

Saithe or Coal-fish {Gadus virens).

Comparatively few of this predaceous fish were obtained during the
investigations, and they were nearly all large and marketable, the
younger forms being known to frequent the inshore grounds. The
total number obtained was 266, of which all but ten were large enough
to be marketable. Ten were got in the large series of hauls in Aberdeen
Bay, mostly in summer

;
sixty-five in the Moray Firth, especially in

January, February, and March; while on the deep-water grounds they
were much more numerous, 185 being procured there in comparatively
many fewer hauls. They were most numerous in the hauls made in

May, off the Aberdeenshire coast, in from sixty-four to seventy-one
fathoms, the average per haul there being 16*2, and per hour's fishing
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4*1. They were also abundant in May, off Fair Isle, in sixty-five

fathoms. None of the saithe got on the deep-water grounds were so

small as to be unmarketable, all the latter being caught in the Moray
Firth or Aberdeen Bay. The sizes on the deep-water grounds ranged
usually from about twenty-five to thirty-five inches, but some thirty-

eight inches in length were procured. The smallest measured I65
inches. The deepest water in which they were taken was in eighty-five

fathoms, north-east of the Shetlands—which was the deepest haul made
and the furthest north—but they extend further than this.

Yery few of the young fishes were secured on board the trawlers,

whether with the small-meshed net or the ordinary otter-trawl. In
Aberdeen Bay in September, in from seven to nine fathoms, eight were
taken in the fine net, measuring from 140 to 171 mm. (5^-6| inches).

In August in Burghead Bay, in a haul in from five to twenty fathoms,

two measured 131 and 254 mm. ; in November in Aberdeen Bay, in

eleven to eighteen fathoms, one was taken 161 mm, in length. Smaller

forms were procured by the " Garland " in shallow water in June, their

length ranging from 24 mm. to 52 mm. (1-2J inches), and in the push-

net on the beach others were taken from 25 to 31 mm. In the Clyde,

among the tangles near shore, a number of specimens, taken in

September, ranged in size from 27 to 83 mm.
Young saithe under a variety of names are caught by hook and line,

and in some places by nets, along the coast, the shore-loving habit of

the young being more marked than in most other members of the genus,

and in some respects comparable to that of the plaice. From the

paucity of specimens in these trawling investigations alone, it would
appear that they frequent more particularly the rocky margins. The
fact that the older forms are found in such numbers in deep water far

from shore is a proof of the extent of their migrations. Like the hake
and cod they are not unfrequently taken in the herring seine-nets in

the upper layers in places where the water is deep, and they no doubt
roam freely in mid-water, particularly in pursuit of herrings, mackerel,

and other fishes upon which they largely subsist.

Pollack or Lythe (Gadus poUachius).

Yery few specimens of this species were obtained, viz. forty, and they
were all got on three occasions. No less than twenty-eight were taken
in the trawl in Aberdeen Bay, in from six to nine fathoms, on 9th
November, all marketable. Other six, also marketable, were caught on
6th September in Spey Bay, Moray Firth, in from seven to nine

fathoms, and other six, five in one haul and one in another haul, in

sixty-five fathoms, south-east of Fair Isle, in October—and these were
likewise marketable. The fish is not uncommon at the Shetlands and
Orkneys, and occasionally the trawlers land small quantities from other

places.

I give here in tabular form particulars regarding the pollack taken by
the trawlers.

[Table.
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Date. jriace.
Depth in

Fms.
Quantity.

1901. Cwts.

30 March - About 60 miles W. of Ekersund, Norway. 40-50 14

8 April - About A\j miles b.x!i. or Aberdeen ; miles trom 4U-DU i
coast.

1^ ,5 About /o miles lii. oi tne iNortn oi bxietianfis. 0

2 Sept. About 45 miles S.S.E. of Aberdeen ; about 35 miles 9

1902. off coast of Kincardine.

10 reb. About 146 miles E. by N. of Aberdeen. 1

22 April - About 10-12 miles off Loch Laxford. 2

23 „ About 15-16 miles S.S.W. of Cape Wrath. 3

1 May The Minch. 2

12 „
" Fisher Bank," about 175 miles E. from Aberdeen

;
40-45 16

about 90 miles W. of Ekersund, Norway.
16 „ " Fisher Bank," about 170 miles E. ^ N. of Aber- 40-45 1

deen, and 90 miles from Ekersund.
21 „ risner rJanK, about zuu miles Hi. ^ o. oi Aber- 4U-i)U OZ

deen ; 65 miles Irom Ekersund.
28 „ "Fisher Bank," about 180 miles E. by S. ; about 35-45 2

90 miles W. of Naze,

7 June - About 37 miles S.S.E. of Aberdeen ; 30 miles from 30-40 h
coast.

10 „ 70 miles S.E. j 50 miles off coast of Kincardine. ACi F,C\ oA

13 „ 50-60 miles S.S.E. ; about 50 miles E. of St. Abb's 40-50

Head,
o Uctober 50 miles S.E. by S. 4,5 miles off coast of Kin- oO-oo 1

5
cardine.

Id „ ZoU miles Jii. 5 b. , about oo miies on JiiKersuna. 9

22 „ - 27 miles E.S.E. ; about 30 miles off coast of Aber- 30-40 5
deen.

27 „ - 180 miles E. by S. ; about 90 miles W. of Ekersund. 35-37 1

6 Dec. - 170 miles E. by S. ; about 125 miles W. of Naze. 40

12 „ - 200 miles E. ; about 75 miles W. of Ekersund. 43-46 1

The facts are of interest. With the exception of those taken on the

West Coast, and six cwts, taken to the east of the north of the Shet-

lands, all the pollack landed were caught in two localities—(1) on the

eastern and northern part of the Great Fisher Bank, from about
sixty to one hundred miles from the south-west coast of Norway, in

from thirty-five to fifty fathoms, (2) off" the east coast of Scotland,

between Aberdeen and the Tay, at a distance from about twenty to

sixty miles from the coast, and in from thirty to fifty fathoms {see

Chart, Plate I.), The period in which they were taken was either l3he

spring and early summer, from 15th February to 13th June—and
mostly in April or May—or September, October, and December,
The spawning-period of the pollack was found by Holt to be from

March to June on the west coast of Ireland, and Williamson obtained

the floating eggs in Loch Fyne also in these months, but mostly in

March.* On the East Coast ripe fishes were obtained at Shetland in

May;t while some authorities, as Dunn and the authors of the

Scandinavian Fishes, believe that it spawns towards the end of winter.

It appears highly probable, therefoie, that the catches of the pollack on

* Ibid.

X TeMh Ann. Hep., Port I/r., p. 288.
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the two grounds mentioned were made during the spawning-season, and
that the fishes had assembled in the comparatively deep water and at a
considerable distance from shore for spawning purposes. The catches
in autumn and winter are less easy to explain ; but there are instances
of a similar phenomenon with some other species.

In the Doi-noch Firth, on 5th November, seven young pollack were
taken in the small-meshed net around the cod-end of the otter-trawl.

They measured from 128-169 mm. (5-6| inches), the mean size being
149- 7 mm. or 5^ inches. In Kilbrennan Sound, in shallow water near
shore, on 15th July four specimens were secured ranging from 53 to 61
mm. (2g-2| inches). These sizes agree with a spring-spawning ; and as

the young fishes are found in numbers in the rock pools and zostera-

beds in autumn, it is evident that they must cover, at some stage, a con-
siderable distance in their shoreward migration if the spawning areas
are situated as far from shore as the above facts indicate.

Ling {Molua molva).

Only 281 specimens of this species were procured, of which 252 were
obtained in the comparatively few hauls in the deeper water, especially

off Fair Isle, in sixty-five fathoms, in October, when as many as sixty-

eight were taken in one haul, other hauls yielding thirty-two and
twenty-six. It was much less common further south. A few were
taken in the Moray Firth, especially in autumn and winter, and in the
deep " Dog Hole," off Aberdeen, fourteen were procured, the haul in

June for one hour and five minutes yielding seven. The range of size

of the adults on the deep-water grounds is generally from three to four

feet ; the largest measured there was fifty-eight inches and the smallest

fifteen inches.

Only four of the aggregate number were too small to be marketable,

one off Aberdeen Bay in October, which measured eleven-and-a-half

inches, and was got in water from thirty-six to forty-nine fathoms deep

;

the other three were taken in the deep water, one of them in eighty

fathoms.

The trawlers get more ling than cod in the deep water east and north-

east of the Shetlands, but the proportion diminishes towards the shore,

and also southwards in the North Sea. Two were taken in the nine

hauls on the Fisher Bank in May.

Hake (Merluccius vulgaris).

The number of hake taken was also comparatively small, comprising

altogether 440 specimens. Of these a few were got in Aberdeen Bay,

mostly in summer
;
forty-nine in the Moray Firth, of which twenty-two

were caught in a single haul in fifty fathoms about twelve miles from

land in November ; most of the others were got in August and July.

The greater number, viz. 373, were procured on the deep-water grounds,

and more particularly in the series of hauls south-east of Fair Isle, in

sixty-five fathoms, in October, where ling were also most abundant.

Here 339 were taken, the largest numbers in individual hauls being

forty-five, forty-two, thirty-five, and thirty-four, and some were got in

all the hauls but one, the average number caught per hour's fishing

being 3 '7.

The catches on this ground were, indeed, somewhat peculiar, inas-

much as they included large numbers of hake, saithe, ling, and sharp-

nosed rays, as well as many picked dog-fish, several lythe, Norway
haddocks, and argentines—some more characteristic of grounds in the
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west of Scotland. An examination of the chart shows that the deep
water, i.e. under a hundred and above fifty fathoms, extends westwards
between the south point of the Shetlands and Fair Isle, as a submarine
valley, the locality where the hauls were made being only eighty miles

from the 100-fathom line to the west. It is thus not improbable that

the fades of the fish-fauna in the region in question is connected with
the course of the current that is known to run eastwards between Fair

Isle and Shetland, in the same way as Cunningham has shown the

fauna along the Dutch coast resembles in some i-espects that of the
English Channel.

All the hake except five were of marketable size. The general range
of the adults was found to be from thirty-three to thirty-eight inches,

some were taken over forty two inches in length, very few were under
twenty inches. One nearly twelve inches in length (300 mm.) was
taken in the deep water in October, and another of 222 mm. (8| inches)

in the Moray Firth, also in October. No small hake were taken in the
fine-meshed net around the otter-trawl, but on one occasion 131 were
taken in the Clyde in the shrimp- net of the " Garland, viz. in thirty-five

fathoms in the channel midway between the south point of Arran and
the coast of Ayrshire, on 15th December. The bulk measured from
55 mm. (2^ inches) to 123 mm. (4| inches), and one was 141 mm (5f
inches). With the exception of the last mentioned, they formed a well-

defined group, the average or mean length of the fish being 83-2 mm. or

3| inches, and they were, I presume, the brood of the year. According
to Holt's observations on the west coast of Ireland, the hake spawns
from the end of March until July, and in Loch Fyne Dr. Williamson
found the eggs of the hake in April, June, July, and the first week in

August.* If the fish which measured 141 mm. were included in the
series, the intervening sizes being regarded as missing, the mean-size
would be raised to about 98 mm. or 3|- inches. One of these little hake,
114 mm. long, had in its stomach a goby which measured 50 mm.—

a

fact which illustrates the early assumption of the piscivorous propensity
of the species.

The trawlers land considerable quantities of hake, mostly from the
West Coast and from the region above indicated in the neighbourhood of

Fair Isle. Comparatively few come from the waters adjoining the
East Coast, but the fish is said to be more abundant on the Danish side.

No hake were obtained in the nine hauls on the Fisher Bank at the end
of May or beginning of June.

Tusk (Brosmius brosme).

Of this, the most typically deep-sea form included in the produce of
the trawl fishery, only seventy-four specimens were caught, and all of
them were taken on the deep-sea grounds, off the Fair Isle, and east-
north-east and south-east and south of the Shetlands. None were taken
on the Fisher Bank. Steam-liners, which fish further north and north-
west in deeper water than the trawlers, land proportionally much larger
quantities. All those obtained were marketable except two; one of
them measured twelve-and-a-half inches. The general range of size is

from about eighteen to twenty-eight inches
; some measured thirty-nine

inches.

Cat-fish {Anarrhichas lupus).

Of this species 299 specimens were procured, of which 96 were taken
in the deep water on the north-eastern grounds, thirty- two on the

* Seventeenth Ann. Rep. Fish. Boardfor Scotland, Part III., p. 9G.
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Great Fisher Bank, one in Aberdeen Bay, two in Thurso Bay, one in

the Dog Hole off Aberdeen, and 167 in the Moray Firth. The facts

concerning this uncouth and odd form are of some interest. With cer-

tain exceptions referred to below, usually only one or two or a few were
taken in the same haul ; it is thus e\idently widely dispersed and
scattered. The one taken in Aberdeen Bay was caught on 6th June in

from five to sixteen fathoms, and it was marketable. The specimen pro-

cured at the Dog Hole, ten miles from Aberdeen, was got in fifty-eight

fathoms on 21st August, and it was marketable. Another large

specimen was obtained in the deep water— eighty-five fathoms—about
eight miles from Kinnaird Head on 4th July.

On the Fisher Bank in thirty-four fathoms at the end of May and
the beginning of June they were comparatively abundant, thirty-two

specimens being taken in twelve hauls ; three hauls were blank, but in

the others cat-fish were obtained in numbers ranging from one to six,

and they were all large. They were much commoner here than in the

deeper water further north-west, ofi" the coast of Aberdeen, immediately
afterwards, where fourteen hauls in from sixty-four to eighty-one

fathoms furnished only four. The bottom, however, was for the most
part muddy. South-east and east of Sumburgh Head in the latter part

of May they were numerous, fourteen hauls yielding fifty-six, of which
all were marketable but three; the depth varied from fifty-eight to

seventy-six fathoms, and twelve, eight, four, eight, and nine cat-fishes

were taken in successive hauls. In September two were taken in

nearly the same locality in four hauls. In October ofi* Fair Isle, in

sixty -five fathoms, eleven w^ere taken, one of which was too small to be

marketable ; and in May in sixty-five fathoms, east of the Shetlands,

twenty-three w^ere taken, thirteen in one haul.

The particulars regarding the occurrence of the cat-fish in the Moray
Firth are of interest. In the numerous hauls in the months of Septem-
ber, October, and November, comprising over 200 hours' actual trawling

at various places and different depths, not a single cat-fish was taken.

In August one was caught in Bui'ghead Bay, in five to twenty-five

fathoms ; in July three, two in from seven to twelve fathoms in the place

named, and one in eighty-five fathoms off Kinnaird Head ; in June two,

one in from five to fourteen fathoms in Burghead Bay, and one on Smith
Bank in twenty-five fathoms. In summer and autumn, therefore, the

cat-fish appears to be rare in the Moray Firth. In December, however,

eighteen were taken; in January, with many fewer hauls, seven; in

February ten, in March fifty-three, and in May seventy-five. Many of

these were taken in comparatively shallow water, as in Dornoch Firth.

There thus appears to be a migration of the large cat-fishes from the

deeper water shorewards in winter and spring for spawning. The
ovaries were not examined in these instances, little time having been

available, but in April they were found to be spent, some of them
having a few large ripe eggs which had failed to be expelled.

The number of unmarketable cat-fishes taken was small— and those of

fourteen or fifteen inches fall into this category—being only seven.

Very much smaller specimens would be retained by the otter-trawl net,

and the explanation of their absence is no doubt the same as in so many
other instances, viz. their absence from the bottoms where the trawl

can work.

The most disadvantageous attribute of a fish in the sea is diminu-

tiveness ; the smaller it is the more it is liable to be swallowed

by others ; as it increases in size the number of its possible enemies

diminishes and its chance of survival is greater. Security may be

sought in some cases by a pelagic habit, but in many instances it is ob-

tained by frequenting locky bottoms covered with algse, and on these



of the Fishery Board for Scotland. 65

the trawl cannot work. The young cat-fish is probably to be found
mostly in such quarters.

Herring {Clupea harengus).

From its size the herring, as a rule, is not retained in the trawl-net,

although from the experiments with the fine-meshed net it is certain

that they frequently enter the otter-trawl. In the course of the investi-

gations herrings were taken in thirty hauls, the numbers varying from
one to as many as eighty-eight, fifty-one, and forty-four. On two
occasions they were taken on the north-eastern grounds, namely in

September in sixty-five fathoms, and in October in sixty-six fathoms.

In Aberdeen Bay they were caught in May, June, July, and December,
the depths of the water in which the hauls were made being from four-

and-a-half to sixteen fathoms. In the Moray Firth they were taken in

the Dornoch Firth in July, November, and December, the hauls being

made in water from six to thirteen fathoms ; off" Dunbeath in January
in twenty-four fathoms ; and in or near Burghead Bay in May, July,

December, and January, the depths ranging from seven to twenty-four

fathoms. Young herrings, from three to seven or eight inches in

length, were frequently taken in the small-meshed net outside the

otter-trawl, as many occasionally as nearly two thousand in an hour's

drag. The particulars in regard to those caught in the otter-trawl are

appended :

—

Date.

1

Place.
Depth
in Fms.

No.

4 Sept. - 6.5 miles 8. E. of Sumburgh Head - - - - 6.0 5-7

19 October 18 „ S.E. of Fair Isle 66 2

6 Nov. Dornoch Firth 8-10 51

6 „ Do. 8-10 6

17 Dec. - Al)erdeeu Bay 9- If.

18 „ - Do. - .... 8 10 1

18 „ - Do. 7-9 1

25 „ 12 8

30 May - Aberdeen Bay 12-16 5

30 „ - 9-14 1

6 June - 1

6 - 4

• 1 July - Burghead Bay • - 7-15 1

2 „ 7-10 2

2 „ Dornoch Firth ....... 10 ]

3 „ - 10-12 9

r, 8-15 88

Do. 8-12 10

31 - Do. 8-12 1

{Continued.
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Date. Place.
Depth

No.
in F'ms.

9 Not. - Dornoch Firth 7-10 1

Do. 9-13 1

11 Do. 9-13 3

19 Dec. Do. 6-10 3

19 „ Do. 9-10 19

20 „ Burghead Bay 7-24 44

24 „ - Do. 10 15

•24 „ - Do. 10 1

17 Jan. - Off Dunbeath 24 4

18 „ - Burghead Bay 7i-22 5

Herrings are sometimes landed in considerable quantities by trawlers,

and as they are always large they command a good price. They are

mostly taken in September, October, and Xovember, and over a ton is

sometimes brought to port by one trawler. They get them sometimes
near the coast, but more commonly out towards the middle of the Xorth
Sea, as the Great Fisher Bank, and on the north-eastern grounds in

deep water. From the following particulars of catches last year, it will

be seen that in September they were caught mostly from 150-180
miles E.S.E. from Aberdeen, on the western part of the Great Fisher

Bank, in from thirty to forty fathoms. They were also got there in

November, but in October they came from further north, midway
between the Orkneys and Norway, and at greater depths.

Date. Place.
Depth in

Fathoms.
Cwts.

1 Sept.

10 „

18 miles E. by N. ; about 13 miles off coast of

Aberdeen.
180 railed E.S.E. ; Great Fisher Bank -

30-40

30-40

24

17 „ - 155 ,. „ - . - 40-45 22

18 „ 150 „ „ „ . - - 40 4

19 „ - 180 „ „ - -
- 30-40 4*

1 October 150 miles N.E. oy E. ^ E. - 5.

1 „ - 150 miles N.E. by E. 2

8 „ -

15 „ -

160 miles E.N. E.

140 miles N.E. by E.

3

19 Nov. - 140 miles E..S.E. ; W. of Fisher Bank - 40-50 1

25 ,, 140-160 miles E.S.E. : „ „ -
- 37-38 1?
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Sprat {Clwpea sprattus).

Sprats were occasionally taken in the otter-trawl and not unfrequently

in the small-meshed net—sometimes many hundreds of them. They
occurred in the otter-net on the following occasions—viz., in June and

July in the Dornoch Firth and Aberdeen Bay, in the Dornoch Firth in

December, and at the Dog Hole off Aberdeen and off Dunbeath in

December, as shown in the following Table :

—

Date. Place.
Depth in

No.

6 June, - Aberdeen Bay, 4^-16 2

2 July, . Dornoch Firth, 10 1

3 , - -
J> 55

----- 10-12 23

3 „ -
-

5 5 5 5 55 2

3 „ -
-

5 5 5 5 - - - - -
6i-12 3

5 „ -
- Aberdeen Bay, 8-15 1

19 December, - Dornoch Firth, 9-10 3

15 January, Dog Hole, off Aberdeen, - - - - 57 1

17 „ Off Dunbeath, 24 1

Sprats were never taken in either the otter-net or the fine net on the

offshore grounds, but a few were obtained in hauls at the Dog Hole in

deep water—viz., on 28th November fourteen, measuring from 87-
125 mm. (3|-4J-f inches)—on this occasion three anchovies were also

caught,—and on 15th January, when other fourteen were taken. None
were taken at the Dog Hole in June, July, August, or December. In
Aberdeen Bay sprats were captured in January, June, September,
October, November, and December, in hauls made in from five to

eighteen fathoms. At Lunan Bay, Montrose, eighty were taken on
28th June in a drag of sixteen minutes, along with 1916 herrings, the

depth being about twelve-and-a-half fathoms. In the Dornoch Firth

two were taken in July in ten to twelve fathoms, and 185 in December

;

at Burghead Bay in December, in the Firth of Forth in May, and in

the Cromarty Firth in January and June. The haul on 1st June in the

Cromarty Firth was of interest, because it was found that the larger

sprats, of which 552 were taken, ranging from 73 to 124 mm. (2|- to

4g inches) were spawning. Females from 104 mm. upwards were ripe,

and males from the same size ; but some may have been mature under
the length given. The temperature of the bottom was 55^^ F., and of

the surface water 54' -7. The small-meshed net also contained seventy
young herrings ranging from 104 to 197 mm., seventy-seven small
whitings from 132-195 mm., which were feeding on the young sprats

and herrings; three codlings from 143 to 152 mm., similarly engaged;
and a fifteen-spined stickleback, 153 mm. in length, from which the
ripe eggs were extruding.

[Table.
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Date. Place. i:)epth. No. Size.

10 January ...

1

Cromarty Firth (54-7 27 61-117mm.

15 Dog Hole (off Aberdeen) 57 14

15 ,, Aberdeen Bay ... 7-16 1

13 May Firth of Forth—Station III. ... 568 52-134

1 June CVomarty Firth ... 8 552 73-124
,,

13 Alierdeen Bay ... ... 5-12 58 86-116

28 „ Lunan Bay, Montro.se ... 12r, 80 86-117

2 July Dornoch Firth 10-12 2

4 September . Aberdeen Bay 10 1

18 October ... Do. 8-16 108 82-139

28 November... Dog Hole 68 14 87-125

29 Aberdeen Bay 11-18 1

17 December ... Do. 9-15 26 66-132

;19 „ ... Do. 6-81 74 67-111

25 „ Dornoch Firth 10 185 72-130 „

^25 „ ... Burghead Bay 71-18 536
I

Mackerel (Scomber scomhrus).

Very rarely were mackerel taken in the trawl-net. In October, off

Dunbeath, Caithness, one was caught in twenty-four fathoms. At
certain times, however, they are taken in some numbers by the

trawlers and landed at Aberdeen. Last year, for example, the quantities

(in cwts.) landed, so far as ascertained, were as follows :

—

Jan. Feb. Mar. Sept. Nov. Dec. Total.

11| 1| 8 1 4 17| 44i

Thus they were taken chiefly in December and January, and none
were procured fi'om March to September. With scarcely an exception

they were caught north-east to east by north of Aberdeen at distances

of from about forty-five to 130 miles from the nearest coast. Most
were taken south-easterly of Fair I.sle. It is noteworthy that those

got in September and Novembei* were taken further south, in the

region of the Great Fisher Bank, usually along with herrings ; in

December they were further north and west, on the edge of the deep water,

and to the north-west in deep water, south-east of the Shetlands ; in

January, further west opposite the mouth of the Moray Firth ; in

February, about fifty miles south-east of Fair Isle ; while in March the

single quantity taken was got far north in about Lat. 60° 5 N.,

nearly midway between Norway and the Shetlands. The data are

too slender to theorise upon ; but the idea might be entertained, so

far as these facts go, that the shoals were moving north and
west as if making their way to the Atlantic, mostly between the

Orkneys and the Shetlands. On the other hand, the mackerel may have
been present in numbers at othei* times or other places, but in the
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surface waters—their usual habitat—the trawlers' catches simply

indicating that at the times and places described they were feeding at

the bottom, having withdrawn in the winter to deeper water. The

mackerel, which in summer and autumn are found along the coasts, then

usually desert them, and probably move out into deeper water and

frequent the bottom—that is to say, they seek the layers of

water where the highest temperature prevails. In many cases the

depths at the places where they were caught exceeded seventy

fathoms. I think it improbable that they were taken in the surface

waters while the net was being shot or hauled : first, because of

the large numbers obtained in some instances
;
second, because the net

in eithei- process is not dragged rapidly through the water and the

mackerel is a swift and agile fish ; and third, because herrings have

been taken from the bottom in similar depths, proved also by their

presence in a semi-digested condition in the stomachs of anglers. None
were got, as stated, in the early summer, when the spawning shoals

ai-e in the surface wateis and near the coast. I append the particulars

of each catch ; when the depth is inserted in brackets it means that it

has been derived from the chart. Otherwise it is the depth stated by

the trawler. The positions where they were taken are indicated in the

chart (Plate I.) as M 1, M 2, <fec.

No. Date.

1 14 Jan. -

2 17 „ -

3 21 „ -

4 •27 „ -

5 27 „ -

6 12 Feb. -

7 24 „ -

8 12 March

9 19 Sept. -

10 17 Nov. -

11 25 „ -

12 5 Dec. -

13 13 „ -

14 15 ,,
-

15 16 „ -

16 24 -

17 25 „ -

Place,

64 miles N.E. by E. ; about 25 miles E. by N.
of Kinnard Head.

100 miles E.N.E. ; about 60 miles E. by N. of

Kinnard Head.
130 miles N.E. by E. ; about 100 miles E. by

N. of Kinnard Head.
90 miles N.E. ; about 65 miles E. by N. of

Kinnard Head.
40 miles S.E. from Out Skerries

126 miles N.E. i N. ; about 40 miles S.E. of

Fair Isle.

150 miles N.E. ; about 50 miles S.E. by E. of

Fair Isle.

230 miles N.E. by E. ; about 80 miles W. of

Norwegian coast, at Bergen.
180 miles E.S.E. ; Great Fisher Bank

210 „ „ „ - -

140-160 „ „ „ - -

1 80 miles N. E. by E.
;
midway between Fair

Isle and Norway.
150 miles E. by N.

;
midway between Aber-

deen coast and Norway.
150 miles E. by N.

;
midway between Aber-

deen coast and Norway.
105 miles E. from Aberdeen - . . -

1.50 miles N.E. by E.

80 miles E. by N. -

Depth.

Fathoms.
[60^68]

[70]

[65-70]

[70]

[70-80]

[60-70]

[60-70]

[34-38]

[30-40]

37-38

65-68

45-50

45-50

54-57

68

70

Lesser Weever (Trachinus vipera).

This species was very rarely taken in the small-meshed net on the

East Coast, but on two occasions considerable numbers were secured. On
5th July, in Aberdeen Bay, in ten fathoms, off Collieston, forty-seven
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were taken, seventeen being females, measuring from 113 mm. to 132
mm. (4|-5j-^^ inches), and thirty males, from 93 mm. to 135 mm. (3^-

inches). The average size of the females was 120'4 mm. or 4|
inches, and of the males 111*7 mm. or 4| inches. They were ripe and
spawning. On 31st July a haul for forty-five minutes, in from eleven

to thirteen fathoms, opposite the mouth of the Ythan in Aberdeen Bay,
gave eighty-two specimens, viz, fifteen females and sixty-seven males.

These fish were spawning, ripe eggs and spermatic fluid oozing on
touching them, and it was thus a simple matter to detei-mine the sex.

On 4th September, oft' Newburgh, Aberdeen Bay, in ten fathoms, one,

135 mm. long, was taken, the sex of which was not determined ; on the

same day, two females, 118 and 127 mm., both spent.

The smallest ripe female in July measured 110 mm. (4| inches), the

next being 113 mm., and the largest was 161 mm. (6| inches). The
smallest ripe male measured 91 mm. or 3y^^ inches, and the largest 138
mm. (5y^^ inches). Forty-one of the males were under the size of the

smallest female, and fifty under the size of the second smallest. The
excess of males is contrary to the rule among fishes producing pelagic

eggs, the only exception previously stated being in the case of the

flounder ;* but it is perhaps questionable whether the figures mentioned
really represent the true proportions in numbers between the sexes.

The lesser weever, as was known to Parnell,t is extremely common in

the Solway, and I find from the examination of 124 specimens from
there that the females were slightly in excess, viz. 64 to 60 males.

They were taken in April, May, August, September, October, and
November, none being secured in June and July, when they had
probably migrated into deeper water to spawn. It is pretty certain

from the disparity in the sizes of the males and females that the former
attain maturity at an earlier age than the latter, and the great excess

of the ripe males in Aberdeen Bay probably indicates that a younger
generation of them took part in reproduction, the females of correspond-

ing age being still immature and thus not migrating out to spawn with

the others. In any case, however, the excess of females, if there be

excess, cannot be great, the small preponderance in the samples from
the Solway being very much less than among other species producing

pelagic eggs.+ It is interesting to note that the flounder and the lesser

weever are the two fishes with pelagic eggs in which the females do not

greatly preponderate, or may be indeed less numerous than the males.

Both spawn near shore in water of moderate depth, migrating from the

shallower water to do so. The proportion of the sexes in the sprat,

which also spawns inshore in summer, has not apparently been deter-

mined. Among the weevers from the Solway in April, September,

August, and November, the average size of the females was 107*2 mm.
or 4J inches, and of the males 90'3 mm. or a little over 3| inches.

The lesser weever seems to spawn later than the majority of fishes.

Day says vaguely it spawns in spring ; Brook gives April, May, and
June as the period on the coast of Yorkshire,§ and he found those

kept in his tanks spawned in June and July
; ||

M'Intosh states that

the floating eggs are found in St. Andrews Bay in April, May, and

June;5[ and Holt found a female " nearly ripe" in May on the Irish

coast, and the floating eggs in considerable abundance in June and

* Tenth Ann. Rep., Pait III., p. 239.

t Fishes of the Firth of Forth, p. 173.

XFourtlt A nn. Rep. Loc. cit.

§ Tenth A nn. Rep., Part III., p. 244.

II
Journ. Linn. Soc, xviii., p. 274.

H Ninth Ann. Rep., Part III, p. 326.



of the Fishery Board for Scotland. 71

July ;* while Williamson procured the eggs in small numbers in

Loch Fyne on 14th May, 9th and 10th June, and 6th July, but found

none in April.f Ripe females have been procured by myself at the

end of June at Dunbar, and, as above described, in Aberdeen Bay at

the beginning and end of July. A female, 102 mm. in length, was
approaching ripeness on 18th June, in the Dornoch Firth, the ovarian

eggs measuring 0*5 mm. In the Solway, on 24th May, females of

94, 95, 98, and 117 mm. were approaching ripeness, and males from
82 mm. to 102 mm. were in a similar condition. It is thus probable

that the spawning takes place mostly in June and July. The
occurrence of floating eggs in our waters in April is probably

exceptional.

Information bearing upon the rate of growth of the lesser weever is

not extensive. Brook found that hatching occurred in from nine to

eleven days. A specimen measuring 15 mm. was taken by the
" Garland " probably in autumn,J but the date is uncertain. On 18th

June an example, 33 mm. (l]j^ inches) in length, was taken in the

Dornoch Firth by the " Garland," and M'Intosh mentions another

measuring 45 mm. (1| inches) caught in July. These specimens were
doubtless about one year old. The next smallest which has come under

my observation was a female that measured 63 mm. (2| inches), and
was taken in the Solway on 30th April. It is fairly certain, I think,

that this was not a fish of the preceding year, but was approaching two
years of age. Apart from various other considerations, the fact that

the lesser weever does not reach the same size in the Solway as on the

East Coast—a circumstance, as I have elsewhere shown, which is also

true of the plaice and the common dab, and in the Clyde of the long

rough dab§—while the smaller specimens were got later on the East
Coast, goes against the supposition. The specimens next in size from
the Solway were a female measuring 71 mm. on 21st September, one
measuring 74 mm. on 30th April, and two males on 26th October, one
measuring 70 mm. and the other 72 mm. As already stated, no ripe

individuals were procured from the Solway, but on 24th April the female

of 63 mm. (2| inches) alluded to above had eggs a few of which
measured O'll mm.

;
another, of 74 mm., had eggs up to 0-13 mm. ; one

of 106 mm., eggs up to 0*13 mm. ; while in one of 113 mm. and one of

112 mm., the largest eggs measured 015 mm. On 24th May, in a

female of 117 mm., the eggs measured 0*33 mm., and in one of 98
mm. nearly the same ; two of 94 and 95 mm. were approaching ripe-

ness. It is therefore probable that these individuals would have
spawned in the ensuing season, when some of them would be under or

little over 80 mm. in length.

In Aberdeen Bay, as stated above, the smallest ripe female measured
110 mm., and the smallest ripe male 91 mm.

I give below a Table in which the specimens obtained at different

times are grouped in three-millimetre groups. The difference in size

between the Aberdeen Bay and Solway Firth is obvious, and in

several instances at least three annual groups appear to be represented.

While it is not possible to fix definite limits to the various series, the
probability is that the males reach maturity when two and the females
when three years of age :

—

* Rep. nfCwcncil, Roy. Duhl. Soc, for 1891, p. 246 ; Sci. Trans. Roy. Dull. Snc, iv.

ser. ii., p. 437.

f Seventeenth Ann, Rep., Fari AV., p. 83.

X Ninth. Ann, Rep., Part III., p. 325.

§ Twentieth Ann. Rep., Part III., pp. 346, 371, 385.
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The Pogge or Armed-Bullhead (Agomis cataphractus).

Notwithstanding its small size specimens of this species were
occasionally taken in the otter-trawl, their capture being doubtless

facilitated by their form. Foi-ty-six wei-e taken by the ordinary net
in the Moray Firth in January, June, July, October, November, and
December, at Bui-ghead Bay, in the Dornoch Firth, near Smith Bank,
and particularly off the coast of Caithness. It was also got in

Aberdeen Bay in January, June, September, October, November, and
December. It was most common in the winter months; of 123
specimens seventeen were taken in October, forty-three in November,
twenty in December, and thirty-one in January. With regard to its

bathymetrical distribution, while it is abundant in sandy shallows, as

in the Solway and in estuaries,* it is sometimes found in deeper water
than is generally supposed. In Aberdeen Bay and the Moray Firth

the common range of depth in which the hauls were made was from
seven to twelve or fifteen fathoms. Off Dunbeath and Lybster,

Caithness, it was taken in many hauls in from twenty-two to twenty-

seven fathoms, five hauls, with the ordinary net yielding seventeen

specimens. One was taken near Smith Bank in 31^ fathoms in June.
In the depression off Aberdeen known as the Dog Hole specimens were
occasionally taken in the small-meshed net. One was got in 58 fathoms
in August, another in seventy fathoms, 12| miles from shore, in

November ; another in sixty-eight fathoms, also in November ; another
in fifty-seven fathoms in December, and two in fifty-seven fathoms
in January. One 104 mm, in length was taken in May twenty-two
miles east of Flugga, at the north of the Shetlands, in eighty-five

fathoms. During the trawling investigations of the *' Garland " in the

Moray Firth twenty-eight specimens were caught in 308 hauls, and
all except five were obtained at the outer stations in moderately deep
water.

They were on the other hand found to be very abundant sometimes
in the shrimp-net in the Solway Firth, and weie occasionally also

taken in the push-net on the beach in Loch Fyne and Aberdeen Bay.
A considerable number were examined and measured in order to deter-

mine the proportions in number and size of the sexes, the rate of growth,

the size when maturity is reached, and the period of spawning. Setting

aside a few lots in which the sexes were not completely separated

throughout, the result shows 467 females and 398 males, the average

size being 88-0 mm. for the females and 86' 1 mm. for the males. The
excess of females is considerable, that sex amounting to fifty-four per

cent, of the total, and the males to nearly forty-six per cent. ; but in

sevei-al cases, as in November and March, males were in excess. The
greatest disproportion was in October, when 118 females and 74 males

were taken, and in December, when the females numbered 127 and the

males 90. It is an exception to what appears to be a general rule that

in fishes with demersal eggs the males are most numerous. The mean
lengths—taking all sizes together—differ very little, viz. by 1*9 mm.
With regard to the period of reproduction, in a number examined on

August 1st one large female l'z2 mm. (4| inches) long had a few large

ripe eggs, but the majority were small, as was the case in the other

specimens. On 27th September the eggs were small ; in a female of

90 mm. the largest measured 0-3 mm. ; one at 56 mm. had eggs up to

nearly O'l mm., and in a female of 53 mm. the largest measured

On one occasion a specimen from the Firth of Forth which I placed in fresh water
lived in it for eighteen hours. Vide Ninth Ann. Rep., Part III., p. 250.
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0"06 mm. On 31st October a number of fishes were examined, with the
following result :

—

Length (mm.) 57 62 63 82 85 90 94 96 97 105 107 110 112 117 1^20

Diameter of

largest Eggs
(mm.) •15 •13 •13 •35 •35 •39 •39 •44 '5 •49 •45 •61 •66 •5 •64

In the portion of the ovary examined of the specimen at 112 mm. a
single egg measuring 1*1 mm. was discovered, and in the one atl20mm.,
another measuring 1'13 mm. Since the fully ripe ovarian egg measures
rS mm., these specimens evidently indicated the approach of the

spawning season. On 27th November the following measurements
were made :

—

Length (mm.) 47 53 66 70 81 85 90 100 1]0

Diameter of

largest Eggs
(mm.) •08 •1 •15 •19 •41 •41 •44 •56 •49

In the eggs of "1 mm. and upwards the yolk was fully formed, but the

ovaries were small. Larger eggs may have been present in some cases,

but they were not observed. On 30th December a considerable number
were examined, as given in the Table below, and the larger females
were found to contain ripe or nearly ripe eggs. Females as small as

78 mm. (3J inches) would obviously spawn in the ensuing season,

but in such specimens both the ovaries and the eggs were much
smaller, the latter measuring from 1*1 to 1*3 mm. Occasionally a
large fish had also the smaller eggs. The smaller females had eggs
up to 0*17 mm., and clearly belonged to another series; some at 60
and 61 mm. had yolked eggs of 0'12 mm., and others at 52 mm. and
53 mm. eggs also yolked measuring O'l mm. Many of the males at

70 mm. and under had well-developed testes, white and soft ; in one at

59 mm. they were quite minute. On 14th March a number were
examined. One female of 106 mm. contained nearly ripe eggs,

measuring 1-3 mm. ; one of 120 mm. was spent, with two or three large

eggs retained
; others of 98, 95, 96, and 97 mm. were spent, and others

of 86, 89, 92, 96, 97, and 100 mm. were ripe. A male at 101 mm. was
ripe. In others the diameter of the largest eggs were as follows :

—

Length (mm.) 74 73 71 69 68 65 63 68 60 59

Diameter of

largest Eggs
(mm.) •19 •18 •21 •17 •2 •17 •16 •14 •16 •06

On 30th April most of the females were found to be spent, the ovaries

being small and shi-unken ; in several cases a few fully-sized eggs which
had failed to be expelled were present. The sizes of females which
appeared to have spawned were as follows:—120, 118, 112, 111, 110,

109, 106, 105, 104, 102, 94, 93, 80 mm. The diameter of the eggs

present in some cases is shown here :

—

Length *120 *118 111 109 106 104 68 58 56

Diameter of

Eggs •19 •16 •16 •21 •18 •18 •14 •14 •14

*A few large old eggs also present.
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In males of 109, 99, 96 mm. the testes were small and solid.

On 2-4th May no females contained ripe or large eggs. In one of

122 mm. the yolked eggs measured up to '35 mm. ; in another of

117 mm. they reached nearly the same size—viz., '33 mm. ; in one of

70 mm. they measured up to '17 mm.
On 26th June females ranging about 111 mm. had yolked eggs

measuring up to '24 mm. ; in one at 73 mm. they were "2 mm.
On 26th May a female from the Dornoch Firth, 70 mm. in length,

had eggs measuring -09 mm. On 15th January a female of 144 mm.
(5| inches) taken in 57 fathoms at the Dog Hole, off Aberdeen, was
full of almost ripe eggs, and on 17 th December several from Aberdeen
Bay from 92 mm. to 106 mm. appeared to be spent. A female of 92 mm.
was taken off the Cromarty Firth in December with nearly ripe eggs.

From the above facts it appears that the spawning period of this species

extends from the end of December to March or April. The occurrence
of one with a few large fully mature eggs on 1st August was probably
exceptional, and may have represented a late spawning, although the
size of the fish is against that supposition. M'Intosh has described the
eggs as having been found deposited on 1st October, and some of them
were kept alive until they hatched on 2nd March.* With regard to the
size when they first reach maturity, it appears probable that the females
become mature when under 80 mm. in length, and the males when
under 70 mm.
With respect to the rate of growth of the armed-bullhead the

information in considerable. In the appended Table I have given the
particulars of the measurements of certain lots, arranged in three-milli-

metre groups, from which it will be seen that three annual series are

usually represented. The smallest examples were got in October,

November, and December, and the next smallest in spring. The first

question to be decided is whethei- these forms got in autumn'and winter,

varying from 47 and 49 mm. to 73 and 74 mm., are fish spawned at the

preceding spawning season, i.e. under or about one year old. M'Intosh
states that the larval and post-larval bullheads were not uncommon in

St. Andrews Bay in April, measuring 7-8 mm., and that at the beginning

of the month nearly ripe females were obtained. They were also got

frequently in March, while in May they were abundant.f Specimens
from 14 to 18 mm. were found from May to July; some in May were
19 mm,; and others at the end of June and beginning of July 25 and
and 26 mm. Specimens were procui ed by the " Garland " in April up
to 10 mm. Tosh gives the measurements of twenty seven specimens of

various sizes, and calculates that one in July, 17 mm. long, was about

three months old
;
three, 25 and 26 mm. on 4th and 5th July, to be 5 to

5| months old; one on 24th February, measuring 46 mm., to be one year

old, and others in May of 51 and 56 mm. to be fifteen months old ; one

in September, of 87 rnm,, to be one year and seven months old ; one in

December, 110 mm., to be one year and lOg months of age, and one of

138 mm. in the same month to be two years and eight months old.q:

In the push-net on the beach at Loch Fyne one of 27 mm. was taken

on 3rd July, one of 34 mm. on 2nd July, and two of 41 and 52 mm. on
28th September.
On examining the Tables given below, it will be found that the first or

youngest gi-oup in March is pretty well defined, and also the same group

in August, and a calculation of the diflference of the mean size indicates a

growth in the period (of 139 days) of 27*2 mm, for the females and 26*3

* Thirteenth Ann. Rep., Part III., p. 231.

t Seventh Ann. Refi., Part III., p. 271.

Tu-e/fth Ann. Rep., Part III., p. 334.
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for the males ; the averages in the two months being for females 62*9 and
90-1 mm., and for males 60*6 and 86-9. After August the growth does

not appear to be rapid, the mean-size of the females of the group in October

being on the 26th—for 100 specimens from 79 mm. to 108 mm.—95'3

mm., and on 31st (for eighty-six specimens from 80 to 111 mm.) 95*4

mm. ; for the males the October averages are 89*2 mm, and 88"0 mm. In

winter, as might be expected from the habitat in this case, growth is

slow, as may be seen by comparing the corresponding groups in October-

December and Maich, April.

In one or two instances two annual groups in the same series of

measurements appear fairly complete, thus affording opportunity to

deduce the amount of annual growth. Among the females on October
31st the first series has a mean-size of 63*3 mm. (or about 2| inches), the

range extending from 57 to 70 mm. ; the second series, as stated, is 95-4

mm., thus showing an annual increment of 32' 1 mm. Among the males

the first series also ranges from 57 to 70 mm,, and has an average size of

62'4 mm. ; the second series, from 73 to 98 mm., has a m'ean-size of 88*0

mm., showing an annual increment of 25*6 mm. In the December
series, the average size of the males in the first group is 62*8 mm. and
in the second group 87*6 mm., showing an annual increment of 24*8

mm. Among the females the first group has an average of 62*3 mm.,
and the second group an average of 94*2 mm. ; the annual increment
indicated being 31 "9 mm.

Looking to these facts and the absence of the smaller forms in June,
August, and the early part of September, the occurrence of one or

two at the end of September, and the increase in their numbers later,

I think there is little doubt that the first series represented in March is

about one year old. And the phenomena presented by the ovarian eggs

at different periods, and the measurements of the mature and immature
fishes, as set forth above, make it probable that sexual maturity is not
reached by the group until the second year. The largest specimen
obtained, it may be added, the sex of which was not, however,
ascertained, measured 156 mm. or 61 inches; it was from the Forth.

The largest female determined was 136 mm. or 5f inches, and the largest

male 141 mm. or 5^^^^ inches. They were both from the Solway.

Contrary to what obtains among flat-fishes the males reach a size quite

as large as the females, and presumably attain the same age.

[Tables.



78 Part III.—T'wenty-First Annual Report

SOLAVAY—FEMALKS.
Forth-
Mixed.

Mm.

14

March.

30

April.

24

May.

26

June.

1

August.

14

August.

11

September.

27

September.

10

October.

26

October.

31

October.

127
November.

30

December.

10

May.

23

July.

19-21

August.

44

47 1 1

50 1 1

53 1 1 1 4

56 2 1 1 3 1 4

59 2 1 7 6

62 3 2 13 8

65 6 1 1 4 1 5 3 3

68 4 1 2 5 1 4 1

71 2 1 3 1 1

74 1 1 1 2 1

77 1 1 1 1 3 3

80 1 1 7 3 3 1 2 1 6 1 5 2 3

83 3 3 1 1 4 2 3 9 2 5 1 2 4

86 1 3 ' 5 3 1 9 11 2 13 1 2 2

89 1 1 1 4 5 3 15 11 8 4 1 5

92 1 4 10 4 2 2 1 20 8 4 15 1 "

95 5 1 1 4 1 2 16 7 6 8 ... 3

98 2 1 1 3 12 3 7 5 1 1 3

101 1 2 - 9 5 4 10 1

104 2 6 1 6

_
8 10 2 5 1

107 1 2
!

••• 6 11 1 7 1

110 5 2 9 1 1 1

i

1

113 1 2 2 9 2 1

116 1 1 1 1 5 3

119 1 1 8 1

122 1 1 3 5 1

125 ...
2

128
1

-

131 t 1
1

1

134 1

137

140

143

146

149

152

155 1
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SOLWAY--Males.
Aberdeen

Bay—Mix El >.

Mm.

March. April.

May. June.

August. August.

September. September.

October October. October.

November. December.

October, October.

December.

to
(M

I—

1

r-H
rH (M

o
i-H CO

o
CO

CO
CO

2

Al47 2 1

50 1 1 3 3

roOo 4 1 2

Ob 3 1 1 4 5 1

oy 3 1 18 1 6 1 2

62 2 1 17 11 5

DO 2 1 12 11 1

Do 2 1 2 7

7i 1 2 2 1 1 1

1 2 1 3

77 2 1 1 ] 2 1 3 5 4 2

OA 1 2 2 3 2 1 4 3 1 4 7 6 3 1

COoo 6 1 6 2 2 5 7 10 9 9 8 1 1 1

OD 7 3 2 3 3 1 3 3 11 9 12 8 1 1

ftOoy 1 3 2 3 3 1 2 5 15 12 7 6 1 1

92 5 6 1 2 3 1 1 3 11 6 6 3 2 2

Qf^ 6 6 1 2 1 4 7 2 3 1 3 1

yo 2 2 2 3 10 1 1 2 'Z 1

101 1 1 2 6 1 1 9 1 5 2 3

iU4 2 2 1 1 8 2 1 3 1

1 AT 1 4 1 3 5 1

1 1 AliU 1 1 1 2 4

1 1 Olio 1 4 2

lib 1 2 2 5

119 2 1 1 2 1

1 1

1 orIZO 1 2

T OQ 1 ... 1 2

loi ... 1

ii54

id/

1 /ini4U 1

i4o ...

TARi4b

i4y

152

155 ...
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.
Depth

in

Fms.

Time Trawl
Down. Fish Caught.

Place. Date.

<

%

3

s
o

o
JS

i

1
Name.

No.
taken to

Market.

No.
thrown
Over-
board.

Total
No.

Remarkt.

1. Aberdeen
Bay.

Between
Belhelvie
and Blat-k

Dog.

19f'2.

May 12. 44-2 45-0 45-0 11 12.30
p.m.

4.50

p.m.
Codling
Haddock
Whiting, ..

Gurnard, ..

Plaice (2), .

.

(3), .. ..

Com. Dab, .

.

Long Rough Dab,
Flounder, .

.

Grej' Skate,
Starry Ray,
Thornback,
Herring, .

.

Angler,

6

6

242
"

471—713
65:i

4

5

47

"is

363
8
1

5

11

2

1

68

6
6
5

47

726

1.016

8
1

5

11

2
1

68

"Star of Peace."
Wind N.N.E.,
force 5; sea
choppy.

1,382 524 1,906

2. Same
Locality.

V

10 to

14^

5.15

p.m.
9.30

p.m.
Cod,
Codling, .

.

Coal-fish, ..

Whiting, ..

Haddock, .

.

Plaice (1), ..

„ (2),.. ..

(3)

Com. Dab, .

.

Flounders,
Gurnard .

.

Starry Ray,
Grey Skate,
Thornback,
Angler,
Herring, .

.

14
3

1

s"
106
102—216

427
13

'is

3

283
9

19
41
5

5

40
1

u
3

1

18
3

2i6
710
22
19
41
5
5

40
1

Wind N.N.E.,blow-
ing hard ; sea
choppy. Catrh
also included 123
edible crabs.

674 424 1,098

3. Aberdeen
Bay From
Cruden
Scars to
Stirling

Quarries.

Mav 12
& 13.

-

11 to
18.

las
p.m.

2.15

p.m.
Cod,
Codling, .

.

Haddock, .

.

Whiting, ..

Coal-fish, ..

Cat-fish, .

.

Plaice (1), ..

H (2), . . .

.

„ (o), .. ..

Brill,

Com. Dab, .

.

26
9

5

i

\ basket

f M
1

1 basket

Half a basket of

unmarketable fish,

chiefl}' Dabs.

4, Dog
Hole, off

Aberdeen.

May 13. 41-2 41-4 43-8 5.3.')

a.m.
6.40

a.m.
Cod,
Codling,
Haddock
W^hiting,
Ling,
Coal-fish, .

.

Plaice,

Lemon Dab,
Com. Dab, .

.

Megrim, .

.

Starry Ray,
Grey Skate,
Angler,

1

15

24
20

1

4
42
2

11

1

3

1

15
24

20
2

1

4
42
2

11

7

I

3

Sea choppy.

122 11 133 I

i
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TRAWLING INVESTIGATIONS—TABLE L

Temperature.

Depth

Time Trawl
Down.

Fish Caught.

Place. Date.

<

O

m

2
o

m

in
Fms.

i>

m
1
W

Name.
No.

taken tc

Market

No.
thrown
Over-
board.

Total
No.

Remarks.

5. Aberdeen
Bay, off

Coastguard
Station.

1902.

May 13 42-0 44-1 44-9 4 to
10

9.50

a.m.
11.20

a.m.
Cod,
Haddock, .

.

Plaice (1), .

.

„ (2);.. ..

„ (3), . . .

.

Com. Dab, .

.

Grey Skate,

1

17
•m
— 43

41
1

Sea choppy
; pass-

ing snow-showers.

93

6. Aberdeen
Bay, off

Collieston.

May 13. 12 to
14

12.5

p.m.
4.5

p.m.
Cod,
Codling, .

.

Whiting-, .

.

Plaice (1), .

.

„ (2),.. ..

„ (3), .

.

» w
Lemon Dab,
Flounder, .

.

Brill,

Com. Dab, .

.

Grey Skate,
Starry Ray,
Thornback,
Herring, .

.

Angler,

19
7

16"

50
36
42
—144

1

1

1

116
5
1

'l

"7

2

43

3

1

4

1

19
7

isi
1

3
1

159
5

4

1

4

1

Fresh N.winds; sea
choppy. 27 edible
crsbs taken.

295 62 357

7. Same
Place.

May 13. »» 4.45

p.m.
8.45

p.m.
Cod,
Haddock, .

.

Plaice (1), ..

(2), . . .

.

„ (3),.. ..

„ (i), ..

Com. Dab, .

.

13
2

8
112
118
72
310
207

Wind light, N. by
E. 37 edible crabs,
one basket of un-
marketable fishes,

mostly Dabs, a few
Flounders, Her-
ring, Starry Ray,
and Grey Skate.

532

8. Between
Slains

Castle and
Collieston.

May 13
& 14.

11 9.40

p.m.
1.45

a.m.
Cod,
Codling, .

.

Haddock, .

.

Plaice (1), ..

„ (2), . . -

.

(3),.. ..

Brill,

Halibut, .

.

Com. Dab, .

.

Skate,
Starry Ray,
Angler,

22

2

\ basket

r )>

1

1

•24

1

1

24
1

10
5

i

Catch included 42
edible crabs.

1

1
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.
Time Trawl

r>r>wn
Fish Caught.

Depth
Place. Date. aj d No. Remarks.

irfac

o Fms.

1 Name.
No.

taken to

thrown
Over-

Total
No.

< p
zn i X Market. board.

1902.
There were also9. Mora}- May 15. 10 to 3.0 7.0 Cod, 4 4

Firth. 15 a.m. .m. Codling, .

.

4 4 taken 7 Norway
P>urghead Haddock (1), 51 lobsters, 5 crabs

(marketable), andBay. (2), 46

(3),

Whiting, .

.

Gurnard, .

.

Cat-fish, .

.

Brill,

Plaice (1), ..

„ (2),.. ..

„ (3),..

252
349
47
76
5

1

33
75
139

6
11

27

355
58

103
5

1

••

one squid.

„ (4),.. 75—322 ii 333
Lemon Dab, 9 1 10

Com. Dab, .

.

160 219 379
Witch, 59 59

Thornback, 7 1 8

1043 276 1319

10. Same 12 7.45 11.45 Cod, 2 2 One edible crab

Place. a.m. a.m. Haddock (1),

(2),

66
•lO

was taken.

(3), 178—264 9 273
Whiting, .

.

19 4 23
Gurnard, .

.

30 44 74

Cat-fish, .

.

10 10
Plaice (1), .

.

9

„ (2), .. 33

„ (3),.. 103

„ (4),.. .. 274—419 4i9
Lemor. Dab, 4 4

Com. Dab, .

.

537 290 827

Witch, 6 6

Grey Skate, 3 3

Thornback, 2 2

Angler, 37 37

1294 386 1680

XX. V^ll LIIC May JO. O lO 12.20 3.5 Cod, 3 • • 3
•

Suters of p.m. p. m. Codling, .

.

72 7 79

Croniarty. Haddock (1), 124

(2), 41

(3), 160—325 2 327

Whiting, .

.

27 4 31

Gurnard, .

.

16 7 23

Cat-fish, .

.

2 2

Plaice (1), .

.

3

„ (2), . 17

„ (3),.. 39

„ (4), .. 20
- 79 79

Lemon Dab 12 12

Com. Dab, .

.

62 i64 166

Witch, 33 33

Skate, 2 2

Herring, .

.

"4
4

Angler, 23 23

633 151 784
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TRAWjbING INVESTIGATIONS—TABLE I.

Temperature.
Depth

Time Trawl
Down. Fish Caught.

Place. Date.

<

o

3
ai

3

o
«

in

Fms.
o

m w
Name.

No.
taken to

Market.

No.
thrown
Over-
board,

Total
No.

Remarks.

12. Off

Burghead
Bay.

1902.

May 15. 6 to 30 7.40

p.m.
Mid-
night.

Cod,
Codling, .

.

Haddock (2)

(3), ..

Whiting, .

.

Coal fish

Oat-fish, .

.

Gurnard, .

.

Halibut, .

.

Brill,

Plaice (1), .

.

(2),..

„ (3), .

.

„ (4),.. ..

Lemon Dab,
Com. Dab, .

.

Witch,
Grey Skate,
Angler,

3

6'

36
—42

43
1

3
79
1

1

37
•243

38
31— 34

4

216
6
7

"9

6
24

'is

u
246

"4

27

3
9

48
67
1

3

137
1

1

363
6

462
6

11

27

Wind E. by E..

strong.

755 390 1145

13. Same
Place.

May 16. 6 to 11 12.45

a.m.
5.15

a. m.
Cod,
Codling, .

.

Haddock (2),

(3), ..

Whiting, .

.

Gurnard, .

.

Cat-fish, .

.

Turbot,
Brill,

Plaice (1), .

.

„ (2), .

.

„ (3),.. ..

„ (4), . . .

.

Com. Dab, .

.

Lemon Dab,
Witch,

Angler,
Thornback,

10
10

10
69
—79

40
76
5

1

1

25
112
189
79—405

151
18
16

"e

"5

12
62

'24

110
1

"1

51

8

10
16

'84

52
138

5

1

1

429
261
19
16
1

51
8

Wind W., light;
sea smooth.

812 280 1092

14. Same
Place.

May 16. 58-1 46-6 45-0 7 to 14 5.45

a.m.
9.45

a.m.
Cod,
Haddock (1),

(3), ..

Whiting, ..

Cat-fish, .

.

Gurnard, .

.

Turbot, .

.

Brill,

Plaice (1), .

.

„ (2), . . .

.

„ (3),..

„ (4),..

Lemon Dab,
Com. Dab, .

.

Thornback,
Angler,
Cuckoo Ra3',

5

1

1

2

"s
54
1

41
128
82
12—263

1

36
2

"1

1

26

7

1

61

"i5

1

5

3
1

8
80
1

3

270

97
2

15
1

Wind W., light;
sea smooth.

375 113 4S8
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

I)epth
in

Fms.

Time Trawl
Down.

Fish Caught.

Remarks.Place. Date.

<

1

1

S
o

o
n

o
.am

13

c3
Name. t

No.
aken to
Market.

No.
thrown
Over-
board.

Total
No.

15. Same
Place.

1902.

May
16.

1

1

4i to
18

10.25

a.m.
2.25

p.m.
Cod,
Codling, .

.

Haddock (1),

» (3), ..

Whiting, .

.

Gurnard, .

.

Cat-fish, .

.

Plaice (1), .

.

(2), . . .

.

„ (3), .

.

„ (4), .

.

Brill,

Lemon Dab,
Com. Dab, .

.

Thornback,
Angler,

3
2

7

33
- 40

4

121
1

32
194
76
13—315

2

1

60
4

"2

"3
2

27

**8

'39

2
21

3
4

'43

6
148

1

323
2

1

99
6

21

Wind N.E., light

;

sea smooth.

553 104 657

16. Same
Place.

May 16. 6| to
11

2.55

p.m.
7.5

p.m.
Cod,
Codling, .

.

Haddock, .

.

Whiting, .

.

Cat-fish, ..

Gurnard, .

.

Turbot, .

.

Brill,

Plaice (1), .

.

„ (2), .

.

» (3), . . .

.

„ (4),.. ..

Lemon Dab,
Com. Dab,
Flounder, .

.

Long Rough Dab,
Thornback,
Starry Ray,
Angler,

1

2

1

2
3

142
2

2
20
118
116
16—270

2

62
1

"s

"2

5

8

'26

12

29

"1

2
1

35

1

4

6
10
3

168
2
2

282
2

91
1

1

10
1

35

Wind E. by N.,

force 5.

498 121 619

17. Same
Place

May 16 12

I

7.25

p.m.
11.30

p. m.
Haddock (1),

„ (3), ..

Whiting, .

.

Cat-fish, .

.

Gurnard, .

.

Turbot, .

.

Brill,

Plaice (1), .

.

„ (2),.. ..

„ (3),.. ..

„ (4), .

.

Lemon Dab,
Com. Dab, .

.

Thornback,
Angler,

3
9
— 12

8
1

16
2
1

2

7

19
1

— 29
1

25
1

22
16

6

"'5

'21

'i2

"34

24
1

22
2

1

'34

1

46
1

12

Wind S.E. by S.,

force 5. Trawl
was split.

96 82 178

1
I

1

1
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth

Time Trawl
Down.

Fish Caught.

Place. Date.
%
u

m

S
o

o

in

Fms.
o
m

1 Name.
No.

taken to
Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

17. Same
Place.

1902.

May 17. 6 to
12

2.30

p.m.
4.30
p.m

Cod,
Codling, .

.

Haddock (1),

(3), ..

Whiting, .

Cat-fish, .

.

Gurnard, .

.

Brill,

Plaice (1), .

.

„ (2),.. ..

„ (3)

Lemon Dab.
Com. Dab, .

.

Long Rough Dab,
Thornback,
Angler,

3
8

3

58

'23
3

31

WindS.E. force 4.

One edible crab
caught.

— 61

9
2

58
4

19
172
62—253

8
140

"2

1

17

27

"is

i34
2
2

37

'62

26
2

85
4

271
8

274
2
4

37

-

548 261 809

18. Same
Place.

May 17. 6 to
12

5

a.m.
9

a. m.
Cod, . . .

.

Codling, .

.

Haddock (1),

(3), .

.

Whiting, ..

Gurnard, .

.

Turbot,
Brill,

Plaice (1)

„ (2),.:

„ (3),..

„ (4), . . .

.

Lemon Dab,
Com. Dab,.

.

Witch,
Long Rough Dab,
Thornback,
Angler,

G

5"

4!)

— 54
15

41
3
1

9
58
63
27—157

160
1

'3

14

'54

14
47

"9

3
253

"6

25

6
14

ios
29
88
3
1

i66
6

413
1

6
3

25

444 425 869

19. Same
Place.

May 17. 10 to
12

9.45
a.m.

1.50

p.m.
Cod,
Codling, .

.

Haddock, .

.

Whiting, .

.

Cat-fish, .'.

Gurnard,
Turbot,
Brill,

„ (2),..

„ (3),.. ..

Lemon Dab,
Com. Dao,
Long Rough Dab,
Angler,

2

ii

"5

32
1

1

8
61
86—155

4

50

1

10
2

20

"3

1

56
5

2
1

21
2

5

52
1

1

158

106
5

29

Wind S.E. by E,
force 3 ; sea slight.

One edible crab.

261 127 388
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.
Time Traw l

Down. Fish Caught.

Depth
Place. Date. in No. Rems.rks.

o o Fms. -i No. thrown
Total
No.o 1 Name. taken to Over-

5m
o
eq

A
in w Market. board. •

1902.

20 Same May 17. 5 to 2.25 4.45 Codling, .

.

2 Wind E.S.E., force
Place. 22 p.m. p.m. Haddock, .

.

2 3 5 5.

Whiting, ..

Cat-fish, .

.

Gurnard, .

.

Conger, .

.

Turbot, .

.

Plaice (1), .

.

„ (2),.. ..

„ (3),..

„ (4),.. ..

Com. Dab, .

.

Witcn,
Long Rough Dab,
Thornback,

6
1

23
1

2
J2

84
30
2—128
36

1

"8

7

"3

1

7
1

31
1

2

i28
43
4

3
1

205 23 228

21. Olf May 19. 20 to 1 55
„
D Cod, 3 3 AVind N.N.E.

Lybster. 25 a.m. a.m. Codling,
xlcillQOCK \\.)^

„ (2), .

.

33 56 89

„ (3), .

.

84—109 32 141

Whiting, .

.

102 104 206
Cat-fish, .

.

1 1

Gurnard, .

.

27 490 517

Halibut, .

.

1 1

Plaice (1), .

.

4

„ (2),.. .. 16

„ (3),.. .. 45
— 65 65

LGiHon Dsil!), .

.

Q 6
15 15

356 688 1044

22. Smith May 19. 21 to 7 40 11 50 Cod 2 2 Sea very choppy ;

wind strong fromBank, 12 30 a.m. a.m. 6
miles S.E. Haddock (1), 46 N. and N.N.E.

from
)> \^)> 87 Three squids.

Lybster. 261—394 '34 428
Whiting, ,

.

0 52

»^ai)-nsn. 3
Gurnard, .

.

185 619 804
TTnlihiif 3 3
xuruou, 2 1

Brill 1 1

Plaice (1), ..

„ (2)...
84*'

„ (3(, .. .. 22
—106 106
46

(2), .. 34
— 80

"2 '82

Com. Dab, .

.

19 187 206
Witch, 3 3
Long Roufifh Dab,

"5
5

Thornback, 1 2 3

Cuckoo Ray, 1 1

847 859 1706

1
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TRAWLING INVESTIC4ATI0NS—TABLE L

Temperature.

Deptl
in

Fms.

Time Trawl
Down.

1

Fish Caught.

Place. Date. <u
o
««

m

s
o
+»

o
pq

o
<o

1 Name.
No.

taken tc

Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

22. Burg-
head Bay.

1902.

May 19 8i to
]3

4 p.m 8.15

p.m.
Cod,
Codling, .

.

Haddock (1),

„ (3), ..

Whiting, .

.

Cat-fish, ..

Gurnard, .

.

Turbot,
Plaice (1),..

„ (2),..

„ (3),.. ..

„ (4),..

Lemon Dab,
Com. Dab, .

.

Witch,
Long Rough Dab,
Thornback,
Angler,

3

7

10
- 17

6
7

246
2

11
109
171

1 53—344
2

262
5

"5

61

1

4

72

"9

1

136

"*2

61

3

1

•21

6
7

318
2

353
3

398
5

2
5

61

Wind N. bv E.,

force 7-8.

899 286 1185

23. Same
Place.

May 19-

20.
9 to 13 8.40

p.m.
2 a.m.

Cod,
Codling, .

.

Haddock (I),

„ (2), ..

„ (3), ..

Whiting, ..

Cat-fish, .

.

Gurnard, .

.

Turbot, .

.

Brill,

Plaice (1), .

.

„ (2), ..

M (3),.. ..

„ (4)

Lemon Dab,
Com. Dab, .

.

Witch,
Long Rough Dao,
Thornback,
Angler,

1

6
2

1

31
— 34

15
10

145
1

2

13
94
140
30—277

5

278
39

"4

"3

'58

"7

355

2

8
32

1

8

"34

18
10
203

1

2

284
5

633
39
2

12
32

Wind N., force 7;
sea veiy choppy.
Three edible
crabs.

817 467 1284

24. Same
Place.

May 20. 7 to 14 2.45

a.m.

i

6.45

a.m. Cod,
Codling, .

.

Haddock (1),

„ (2), .

.

M (3), .

.

Whiting, .

.

Cat-fish, .

.

Gurnard, .

.

Brill,

Plaice (1), .

.

„ (2),

„ (3), . . .

.

,, (4), ..

Lemon Dab,
^^oni. uau, .

.

Witch, ..

Long Rough Dab,
Thornback,
Angler,
Sapphirine Gur-
nard

6
7

6
6

37
- 49

17
6

176
5

15
58
173

83—329
14

348
26

5

'3

2
2

64

7

"3

2
48

1

6
10

"51

19
6

240
5

336
14

695
26
3
7

48

1

Wind N. by W. One
edible crab and
several Norway
lobsters.

988 479 1467

1



S8 Part III.— Tiventii-First Aimual Ixeport

TRAWLING INVESTIGATIONS-TABLE I.

riac2. Date

Temperature.

Depth
in

Fms.

Time Trawl 1

Down. Fish Caught.

Remarks.

'<

6
%

a
o

o
P3

oA
(n

ci

K
Name.

No.
taken to
Market.

No.
thrown
Over-
board.

Total
No.

25. Same
Place.

\

1902.

May 20. Sto 13 7.10

a.m.
12.40

p.m.
Cod,
Haddock (1),

„ (2),

„ (3), .

.

Whiting, .

.

Cat-fish, .

.

Conger,
Gurnard, .

.

Turbot, .

.

Brill,

Plaice (1), .

.

„ (2),..

„ (3),..

„ (4)

Lemon Dab (1), .

.

(2), ..

Com. Dab,
Witch,
Thornback,
Angler,
Sapphirine Gur-

nard,

6
10
12
27
— 49

3
2
1

73
3
1

261
124
51—470
3
2
— 5

143
40
13

"8

7

i55

"l
46

1

6

49
3
2

1

81
3
1

477

"5

298
40
14

46

1

Wind ' N. by W.,
force 4.

809 218 1027



of the Fishery Board for Scotland. 89

TRAWLING INVESTIGATIONS—TABLE I.

Temperature.
Time Trawl

Dnwn. Fish Caught.
1

Deptt
Place. Date. in

0)

1

No. Remarks.
o Fms.

_^
o Name.

No.
taken tc

thrown
) Over-

Total
No.

<
o
M CO Market board.

1902.

1. Ill miles May 23 45-7 44-0 42-8 67s 4.40 9.40 Cod, 5 "Star of Peace."
N.E. by E., a. m. a.m. Codling, .

.

13C 130 Slight S.W. wind;
easterly' Haddock (1), 436 slight swell. Had-
from „ (2), .

.

174 docks all spent ',

Buchan Ness „ (3), .

.

835 2 Whitings in roe.
(In upper 144£ 1447
part Square Whiting, .

.

199 199
XIX., about Ling, 1 1 2
80-85 miles Cat-fish, 1 2
S.S.E. of Gurnard, .

.

2 2
Sumburgh Megrim, .

.

3
Head, Witch (1), .

.

144

Shetland.) „ (2),.. 167 "ii
311 322

Com. Dab, 3 3
Long Rough Dab,
Grey Skate,

517 517
2 2

Starry Ray, 14 14
Angler, 2 2

2100 550 2650

2. Same May 23 68| 10.10 3.10 Cod, 3 3 Moderate S.W.
Locality. a.m. p.m. Codling, .

.

86 S6 breeze ; choppy
Haddock (1),

„ (2), .

.

(3), ..

Whiting, .

.

Coal-fish, .

.

Hake,
Ling,
Tusk,
Cat-fish, .

.

Megrim, .

.

Witch (1), .

.

240
280
1183

1703
131

4
70

1703
131

1

1

1

1

1

4

sea. Soft bottom.

„ (2),.. 127— 197 '23 220
Lem.on Sole, 1 1

Long Rough Dab, 473 473
Starry Ray, 8 3

Angler, 1

2129 506 2635

3. Same May 23.

i

70 4.20 9.20 Cod, 7 Moderate S.W. to
Locality. p.m. p.m. Codling, .

.

63 63 W. breeze ; sea
Haddock (1), 253 chopp3".

„ (2), 243

„ (3), .. 858
1354 "l 1355

Whiting, .. 170 170
Coal-fish, . 4 4

Ling, 1 1

Tusk, 3 3
Cat-fish, 1 2 3
Gurnard, .

.

2 2 4
Megrim, 8 8
Witch (i), 79

(2), .

.

121
200 200

Lemon Sole, 2 2
Long Rough Dab, 523 523
Starry Ray, 20 20
Dog-fish, .

.

1 1

Norway Haddock, 1 1

Angler, .. ' ., 4 4

1815 554 2369

1
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TRAWLING INVESTIGATIONS—TABLE L

Temperature.

Depth
in

Fms.

Time Trawl
i

Down. Fish Caught.

Place. Date. 0)
o s

o

o
o Name.

No.
;aken to
Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

4. Same
Locality.

1902.

May 23-

24.

70 10.10
p.m.

3.10
i

a.m.

1

Cod,
Codling, .

.

Haddock (1),

» (2), .

.

» (3), ..

Whitmg
Ling,
Hake,
Cat-fish, .

.

Witch (1),..

„ (2),..

Long Rough Dab,
Norway Haddock,
Starry Ray,
Angler,

4
li^bskts.
3"

li „
3^ „
h „

1

1

1

1 bskt.

1
Moderate breeze,
S.W. to W.; sea
choppy. Catch
only partly en-
umerated.

j

1
2i7

1

20
2

217
1

20
2

5. About 45
miles N. \ E.

from above.
(Square XV.,
about 50

miles E. by
S. of Sum-
burgh.)

May 24. 5-20 45-1

i

!

43-3 71 9.30

a.m.

2.30

p.m.
Cod,
Codling, .

.

Haddock (1),

„ (2), .

.

„ (3), .

.

Whiting, .

.

Coal-fish, ..

Hake,
Cat-fish

Tusk,
Gurnard, .

.

Halibut, .

.

Megrim (1),

„ (2),

Witch (1), .

.

„ (2),..

Com. Dab, .

.

Long Rough Dab,
Grey Skate,
Starry Ray,

4

106
264

79
253—596

509
5

6
12
2

54
1

9
4
— 13
43
19
— 62

3

2

'37

'32

154

"s
5

4

106

596
509

5

6
12
2

91
1

"is

'62

35
154

2
8
5

Moderate breeze,
W.S.W.; sea chop-

py. Numbers of

Whitings in
spawn. A Coal-
fish contained in

stomach 2 Argen-
tines, 2 Gadus
esinwkii, 1 Had-
dock.

1375 236 1611

6. Same
Locality,
steering

N.E. by E.

during
trawl.

May 24. 76 3.20

p.m.
8.20
p.m.

Cod,
Codling, .

.

Haddock (1),

„ (2), .

.

„ (3), ..

Whiting, .

.

Coal-fish, .

.

Hake,
Ling,
Cat-fish, .

.

Tusk,
Gurnard, .

.

Halibut, .

.

Megrim (1),

„ (2).

Witch (1), .

.

„ (2), . . .

.

Com. Dab, .

.

Long Rough Dab,
Norway Haddock,
Thornback,
Starry Ray,
Dog-fish

6
179

342
113
685

1140
1113

2

6

4

S

1

32
2

69
98

11
9
— 20

2

2

"5

9

33

'"5

11

323
1

'29

1

6
179

1145
1122

2

6
4
8
1

65
2

J.D(

'25

13
323

1

2
29
1

Fresh breeze, W.

;

heavy swell.

1

2684 417 3101

I
I
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1

TRAWLING INVESTIGATIONS—TABLE I.

Temperature.
Time Trawl

Down. Fish Caught.

Depth
inPlace Date.

,2

c3

TVTNo. Remarks.
o o Fms.

o Name.
No.

taken tc

thrown
Over-

•

Total
No.'< m

O
P3 Market board.

7. About 1902. 71 9.5 2.5 Cod, 8 8 Moderate breeze,
W.

;
heavy swell.10-12 miles May p.m. a.m. Codling, .

.

1 1

N.E. byE. 24-25. Haddock, (1), .. 4ibskts Catch only partly
from above, (2), .. 1 enumerated.
and steer- (3), .

.

3
"2

ing N.E. Whiting-, ,

.

Coal-fish, ..

Ling,
Hake,
Cat-fish, .

.

Gurnard, .

.

Megrim, .

.

Lemon Sole,

Com. Dab, .

.

Long Rough Dab,
Starry Ray,

1

2

7
4

16
5

1

"7

5

18
23

1

'23

"5

18
23

8. About May 25. 78 3.20 8.20 Cod, 6 6 Moderate gale,

10 miles a.m. a.m. Codling, .

.

45 45 shifting N.W. to
N.E. of Xld-UtlOLK . .

940 S.W.
;

very chop-
above, and (2), .

.

79 py. A few Had-
steering (3),

90*7Lot docks were found
N.-E. by E. DWO 606 to be spawning.

After this haul
vessel steered
S.W. for fifteen

miles and hove to
for heavy sea.

Wind blowing a

for 2 i hours. Whiting, ..

xiaKe,

Ling,
Tusk,
i.-'aL-n&n,

Gurnard, .

.

Halibut, .

.

Megrim (1),

515
11
3

2

22
1

12

\

4

515
11

3
9

2

26
1

„ (2), 9 gale irom fe. vv.— 21
"3 "24 On morning 26th

Witch (1),.. 74 wind hauled
» (2),.. 43 round to N.W.

—117 "5
122 and moderated.

Com. Dab, 3 3

Long Rough Dab, 20 20
Grey Skate, 3 3

5

1353 41 1394

9. Near May 26. 46-5 45-0 43-5 GO 7.45 12.45 Cod, 4 4 Wind N.W., fresh
above a.m. a.m. Codling, .

.

72 72 breeze ; j<ea chop-
(Lower Haddock (1), 260 py; bottom shelly

;

edge (2)> .. 103 net slightly split.

Square XL), (3), .. 148 A few Haddocks
Steering 511 1 512 and man.v Whit-
N.E. Whiting, .

.

132 132 ings spawning.
On taking Coal-fish, .. 1 1

lat. found Cat-fish, .

.

8 8
it to be Gurnard, .

.

30 14 44
60° 2' N.

1

\

Halibut, .

.

Plaice,

Lemon Sole,
Megrim, .

.

Witch (1), .

„ (2),.. ..

Com. Dab,„,
Long Rough Dab,
jGrey Skate,
[Starry Ray,

1

2
2
3

12
4
— 16

"2

'7s
32
1

7

1

1

2

2
5

'i6

78
32
1

7
1

782 136 918
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TRAWLING INVESTIGATIONS—TABLE L

Temperature.
Time Trawl

Down. Fish Caught.
(

Depth
inPlace. Date. S •6 No. Remarks.

.ii

<

i

an

1
o

Fms.
jN fi.me.

ISO.

;aken to
Market.

thrown
Over-
board.

Total
No.

1902.
1

10. Same May 26 58 1.55 6.55 Cod, 4 4 Wind W. ; moder-
Localit}'. p.m. p. m. Codling, 154 ii 165 ate breeze ; sea

Haddock (1), 292 choppy.
(2), 123

—637 5 642
Whiting, .

.

265 4 269
Hake, 1 1

Ling, 4 4

Tusk, 2 2
Uoal-nsn, .

.

2 2

Cat-fish, g 9
Gurnard, .

.

97 23 50
Halibut, .

.

1 1

Plaice, 3 3

Lemon Sole,

Megrim (1),

3 3
2

(2), 2
— 4 4

Witch (1), .

.

22

„ (2),.. .. 10
— 32 "l '33

Com. Dab, .

.

83 83
Long Rough Dab, 46 46
Grey Skate, 1 1

Starry Ray, 'is 18

1149 191 1340

11. Same Mav 63 /.ID 12.45 Cod, 2 Moderate S.W.
Locality. 26-27. p.m. a.m. Codling, 1 bskt. breeze ; sea chop-

py. Catch only
partly enumer-

Haddock (i),

(2), ..

l DSKbS.

\ »
(3),

Whitinsf, .

.

2 ,, ated.

1 11

Ling,
1:

"1

Tusk, 1

Cat-fish, .

.

4 4

Gurnard, .

.

"7
7

Halibut, .

.

1

Plaice, 1

Lemon Sole, 1

Megrim, .

.

14
1

Witch (1), .

.

„ (2),.. .. 4
— 18 is

Com. Dab, .

.

72 72

Long Rough Dab,
Grey Skate,

19 19
1 1

Starry Ray, 7 7

12. Same May 27. 58 to 2. 50 7.50 Moderate W. S.W.
66 a.m. a.m. breeze ; swell on

sea. The net was
torn and lost, ex-

cept ground rope.

Soundings showed
sandj^ and rocky
bottom. Vessel

then steamed
S.W. 32 miles.
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth
in

Fms.

Time Traw
Down. Fish Caught.

Place. Date.

'<

1

m

g
o

o
n 1 K

Name.
No.

;aken to
Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

13. About
32 miles
S.W. of

above
(SquareXV.),

? on west
of Bressay
Shoal.

1902.

May 27. 46-0 44-6 42-9 74 11.50

a.m.
1

1

4.50

p.m.
Cod,
Codling, .

.

Haddock (1),

(2) , .

.

(3) , .

.

Whiting, ..

Coal-fish, ..

Tusk,
Cat-fish .

.

Gurnard, .

.

Halibut, .

.

Megrim (2),

Witch (1), .

.

„ (2),..

Lemon Sole,

Com. Dab,
Long Rough Dab,
Starry Ray,
Angler,
Norway Haddock,

7
92

258
76

286—620
85
1

2
1

3
2
3

52

87—139
2

"2

"7

4

5

'3

"5

672
10
4

1

7

94

627
89
1

2
1

8
2

6

i39
2
5

672
10
4

1

Gentle breeze S.W.
by W. ; swell on
sea. Bottom
mud. One Had-
dock observed to
be spawning.

957 713 1670

14. Same.; May 27. 73 5.35

p.m.
10.35
p.m.

Cod
Codling, .

.

Haddock (1),

(2) , .

.

(3) , .

.

Whitmg, .

.

Coal-fish .

.

Cat-fish, .

.

Lemon Sole,

Witches (1),

„ (2),

Megrim, .

.

Com. Dab, .

.

Long Rough Dab,
Gurnard, .

.

Grey Skate,
Angler,
Starry Ray,

li^bskts.

2| „

3"

11
1

\ bskt.
3

3

1

io

"1

2

"2

1

327
1

1

2
29

Wind S.W. byW.;
fresh breeze ; sea
choppy. B 0 1 -

tom mud. Catch
only partly en-
umerated.

15. Same. May
27-28

72 21.30

p. m.
4.30

a.m.
Cod,
Codling, .

.

Haddock (1),

(2) , .

.

(3) , ..

Whiting, .

.

Coal-fish, .

.

Cat-fish, .

.

Megrim, .

.

Witch (1), .

.

„ (2),..

Com. Dab,
Long Rough Dab,
Starry Ray,
Angler,

3
45

97
2C

325—442
27
2
2

9
67
42—109

1

2

13

'3

"5

2

234
43
4

47

455
27
2
2

12

ii4
2

234
43
5

Fresh breeze S. W.

;

.sea choppy.

640 306 946

16. Same
Place. (Rar
home S.W.
140 miles
to Buchan

Ness.)

May 28.
I

46--1 45-0 43-8 70 5.26

a.m.
6.1

a.m.
Cod,
Codling, .

.

Haddock, .

.

Whiting, ..

Witch,

1

5

41
2

6

1

5

41

6

Strong S.W.
breeze ; sea chop-
py. Bottom nuid.

55 55
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TRAWLING INVESTIGATIONS—TABLE 1.

Temperature.

Depth

Fish Caught.

Place. Date.

<
S-t

CZ3

s
o

o

in

Fms.
o

m

O)

%
K

Name.
No.

taken to

Market

No.
thrown
Over-
board.

Total
No.

Remarks.

1. "Fisher
Bank."
Course

steered E.

by S. for 170
miles from
Girdleness.
(Square

XXV. , about
105 miles
from coast
of Norway.

1902.

May 31.

!

.50-5 48-2 43-2 34 8
a. m.

Noon Codling, .

.

Haddock (1),

(2). .

.

„ (3), ..

Whiting, ..

Cat-fish, .,

Gurnard, .

.

Halibut, .

.

Plaice,

Com. Dab, .

.

Grey Skate,
Starry Ray,

.5

43
47

140—230
37
5

7
1

40

"l

'78

20

"3

1

"4

5

308
57
5

10
1

40
1

1

4

"Caledonia I."

Moderate easterly
breeze. Bottom
sandy.

326 106 432

2. Same
Place.

May 31. 13-8 12.30

p.m.
4.30

p.m.
Cod,
Codling, .

.

Haddock (1),

„ (2), ..

„ (3). .

.

Whiting, .

.

Ling,
Cat-fish, .

.

Halibut, .

.

Plaice,

Com. Dab, .

.

Starry Ray,

5
4

103
34
76—213

25
1

5

1

7S

7

'93

11

2

5

5

11

806
36
1

5

1

73
2

5

Moderate easterly
breeze ; sea
choppy.

327 118 445

3. Same
Place.

May 31. 33 5

p.m.
9

p.m.
Cod,
Codling, .

.

Haddock (1),

(2) ,

(3) , ..

Whiting, .

.

Oat-fish, .

.

Gurnard, .

.

Plaice,

Lemon Sole,

Witch,
Com. Dab, .

.

Long Rough Dab,
Starry Ray,

15

67"
23
73
—163

58
5

6
53
2

1

2

'97

11

"2

'3

2

2

15
2

260
69
5

8
53
2

1

3
2
2

Fresh breeze, N.E.

;

sea choppy.

303 119 422

4. Same
Place.

May 31-

June 1.

32 9.30

p.m.
1.30

a.m.
Cod,
Haddock (1),

(2), .

.

„ (3). .

.

Plaice,

7

1 bskt.

I „
1

2

Fresh N. E. breeze
;

sea chopp3'. One
basket of offal,

chiefly Haddocks.

5. Same
Place.

June 1. 33 2
a.m.

6
a.m.

Cod,
Codling, .

.

Haddock (1),

(2),

„ (3), •

.

Whiting,
Gurnard, .

.

Cat-fish, .

.

Halibut, .

.

Plaice,

Lemon Sole,

Witch,
Com. Dab, .

.

LiOng Rough Dab,
Starry Ray,
Angler

1

93"'

37
107—237

23
8
3

3

84
2

1

2

'io

215
23
3

"5

7

11

2

1

10

452
46
11
3
3

84
2
1

7

7
11

2

Weather and sea
as before

364 276 640
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TRAWLING INVESTIGATIONS—TABLE 1.

Temperature.

Depth

Time Trawl
Down. Fish Caught.

Place. Date.

'<

o
*!
u
3w

1
o
m

in

Fms.
o

m

a>

!I3 .

Name.
No.

taken to
Market.

No.
thrown
Over-
bo^ird.

Total
No.

Remarks.

6. Same
Place.

1902.

June 1. 52-3 48-9 43-8 34 6.30

a.m.
10.30
a.m.

Cod,
Codling, .

.

Haddock (1),

„ (2), -

.

„ (3), .

.

Whiting, .

.

Coal-fish, ..

Ling,
Cat-fish, .

.

Gurnard, .

.

Plaice,

Lemon Sole,

Witch,
Com. Dab, .

.

Long Rough Dab,

6
2

59
11

24
— 94

18
2

1

6
3
83
2

1

"2

"35

4

2

"2

8
2

6
4

i29
22
2

1

6
5

83
2

1

2

8
2

Weather as before.

218 65 273

7. Same
Locality.

June 1. 32 J 11

a.m.
3

p.m.
Codling, .

.

Haddock (1),

» (2). ..

(3),

Whiting, .

.

Cat-fish

Gurnard, .

.

Plaice,

Lemon Sole,

Com. Dab, .

.

Long Rough Dab,
Angler,

6
78
21
3—102

"2

2

91
1

2

'ie

3

"5

4

1

8

118
3
2

2
91
1

5

4

1

Moderate N.N.E.
breeze ; sea
choppy.

204 31 235

8. Same
Locality.

June 1. 33 3.30
p.m.

7.30
p.m.

Cod
Codling, .

.

Haddock (1),

(2) ,

(3) , ..

Whiting, .

.

Coal-fish, ..

Gurnard, .

.

Plaice,

Lemon Sole.

Com. Dab, .

.

Long Rough Dab,

19
9

127
58
29
—214

80
3
3

72
1

ii

i97
9

'1

6
2

19
20

411
89
3
3

72
2

6
2

Gentle N. N. E.
breeze ; heavj"
swell on sea.

401 226 627

9. Same
Locality.

June 1. 33 8
p.m.

12

p.m.
Haddock (1),

>> (2),

„ (3), .

.

Coal-fish, .

.

Cat-fish, .

.

Plaice,

1 bskt.

i „

1

2
1 bskt.

Gentle N.E. breeze;
heavy swell. Offal

consisted of about
i basket, chiefly
Haddocks.
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TRAWLING INVESTIGATIONS—TABLE 1.

1

Place.

Temperature.

Deptl

Time Trawl
Down.

1

Fish Caught.

1

1

Date.

<

0)

rt

5

s
o
+j
-u
O

in

Fms.
o
cc

OI

1
W

Name.
No.

taken t<

Market

No.
throwr

3 Over-
board

Total
No.

Remarks.

10. Same
Place.

i

1902.

June 2. 33 12.30

a. m.
4.30
a.m.

Cod,
Haddock (1),

„ (2),

(3), .

.

Coal-fish, .

.

Cat-fish, .

.

Plaice,

6
2 bskts.

i „
i „

2

3
1 bskt.

Fresh easterly
breeze ; sea chop-
py, i basket
offal, chiefly Had-
docks.

11. Same
Place.

June 2. 49-6 48-4 43-2 34 5

a. m.
19

a.m.
Cod,
Codling, .

.

Haddock (1),

(2) , .

.

(3), .

.

Whiting, .

.

Gurnard, .

.

Halibut, .

.

Plaice,

Lemon Sole,

3
5

98
73

140
311

34

"l
15
2

7

243
17

4

3
12

554
51
4
1

15
2

Strong easterly
breeze ; sea chop-
py-

371 , 271 642

12. Same
Locality.

June 2. 37 9.30
a.m.

1.30

p.m.
Cod,
Codling, .

.

Haddock (1),

(2) , .

.

(3) , ..

Whiting, ..

Cat-fish, .

.

Gurnard, .

.

Plaice,

Lemon Sole,

Witch,
Long Rough Dab,

3
3

157
63
52

272
"48

1

4

8
1

1

4

27
2

3

3

1

3
7

299
50
1

7

8
1

1

3

Strong easterly
breeze ; sea chop-
py. No Haddocks
observed in ?pa\vn
in this locality.

After this drag
the vessel gteamed
about 45 miles in
a N. W. by W.
direction.

341 39 380

13. Aboutm
miles E. of
Buchan

(Square
XXIV.).

June 2. 60 6
p.m.

10
p.m.

Cod,
Haddock, .

.

Witches, .

.

Argentines,

V2
I bskt.

II „ "2

Moderate S.S.E.
breeze. Fine sandy
bottom. Catch
not completely
recorded.

14. Same
Locality.

June
2-3.

80 10.30

p.m.
2.30

a.m.
Cod,
Codling,
Haddock (1),

, (2)

„ (3).' ;

.

Coal-fish, .

.

Ling,
Tusk,
Megrim, .

.

Witch (1), .

.

„ (2), . . . . ]

Long Rough Dab,
Angler,

15

52
98
34
29
—161

33
5

1

1

4
49
06
—155

2

3
2

3^
.

1

15
52

164
35
5

1

1

4

i56
31
2

Light N.W. breeze

:

swell on sea.

429 37
1

466

1

r
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TRAWLING INVESTIGATIONS—TABLE L

1

Temperature.

Depth
in

Fms.

Time Trawl
Down.

Fish Caught.

Place. Date,

'<

6
%

cc

s
o

o
«

oA
CO

-i

1 Name.
No.

taken to

Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

15. Same
Locality.

1902.

June 3. 81 3

a.m.
7

a.m.
Cod,
Codling, .

.

Haddock (1),

„ (2), ..

„ (3), ..

Whiting, .

.

Coal-fish, ..

Ling,
Tusk,
Witch (1), .

.

„ (2),.. ..

Long Rough Dab,
Grey Skate,
Angler,
Norway Haddock,

5

136
132
39
50—221

"6

2

1

103
147—250

1

6

"6

"s
17

"3

23

"'5

5

142

229
17
6

1

253
23
1

6
5

Light N.W. breeze;
swell on sea.

628
1

62 690

16. Same
Locality.

June 3. 50-9 46-0 42-9 79 7.30
a.m.

11.30

a. m.
Cod,
Codling, .

.

Haddock (1).

(2) .

(3) , .

.

Whiting, ..

Coal-fish, .

.

Ling,
Tusk,
Gurnard, .

.

Megrim, .

.

Witch (1), .

.

„ (2), .

.

Com. Dab, .

.

Long Rough Dab,
Angler,
Bib,

11

122
l:U
41

103
275
223

•3

4

3

"7

97
54

151

"e

"17

84

"3

"4

2

57

1

11
122

292
307

3
4

3

3

7

155
2

57
6
1

Gentle breeze from
S.S.E. ; swell on
sea. One Haddock
observed to be
spawning.

805 168 973

17. Same
Locality.

June 3.

i

81 noon 4.0

p.m.
Cod,
Codling, .

.

Haddock (1),

(2) , .

.

(3), -.

Whiting, .

.

Coal-fish, ..

Ling
Tusk,
Gurnard, .

.

Megrim, .

.

Witch (1), .

.

„ (2),.. ..

Long Rough Dab,
Grey Skate,
Angler,
Norway Haddock,

12
93

122
53

97—272
40
2

1

3

3

15
137

183—320

"1

7

"9

6

"2

3

15
23

"1

3

12
100

281
46
2
1

3
5

18

335
23
1

1

3

Moderate breeze
S. S. E. ; sea
choppy; thunder-
storm. Bottom
mud.

762 69 831

G
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TRAWLING INVESTIGATIONS—TABLE I.

Place.

Temperature.

Depth

Time Trawl
Down. Fish Caught.

Date.

<

a;

%
u
3
c«

g
o

t
pq

in

Fms.
o

cc

Name.
No.

taken to
Market

No.
thrown
Over-
board.

Total
No.

Remarks.

18. Same
Locality.

1902.

June 3. 80 4.30
p.m.

8.30
p.m.

Codling, .

.

Haddock (1),

(2), ..

(3), ..

Whiting, ..

Coal-fish, .

.

Ling
Tusk,
Gurnard, .

.

Megrim, .

.

Witch (1)

» (2),.. ..

91
118
43
159—320

32

8
2
2

5

91

83
173—256

7

2

"1

"4

"7

91

327
34
8
3
2
Q

91

263
47
7
1

3

Moderate S.E.

breeze ; sea
choppy. Bottom
mud.

Long Rough Dab,
Angler,
Bib,
Argentine,

"7 47

"1

3

814 72 886

19. Same
Locality.

June 3

and A.

76 9.0

p.m.
LO
a.m.

Cod
Coal-fish, ..

Haddock (1),

(2) , ..

(3) , ..

10
3

2 bskts.

h „

Gentle E.S.E.
breeze ; swell on
sea. Bottom mud.
Catch incom-
pletely recorded.

20. Same
Locality

June 4. 77 1.30

a. m.
5.30

a.m.
Cod,
Ling,
Coal-fish, ..

Haddock (1),

„ (2), -.

(3), ..

15
1

2
3 bskts.

h „
i »

Weather as before.

Catch incomple-
tely recorded.

21. Same
Locality.

June 4. 51-0 46-0 42-8 76 6.0

a.m.
10.0

a.m.
Cod,
Codling, .

.

Haddock (1),

„ (2). ..

(3). ..

Whiting
Coal-fish, .

.

Ling,
Cat-fish,

Gurnard,
Megrim, .

.

Witch (1), .

.

„ (2),..

Long Rough Dab,
Bib
Norway Pout, ..

Haddook,
Lumpenus,
Angler,

7

62
107
41

131—279
42
9
5

1

9
15

81
127—208

"5

"1

"3

4

"'5

**6

65
2
2

2
1

7

63

282
46
9
5

1

14
15

2i4
65
2
2

2

1

5

Light breeze from
S.S.E

;
slight

swell. Bottom
mud.

642 91 733
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth
in

Fms.

Time Trawl
Down. Fish Caught.

Remarks.Place. Date.

<

%
a
o

o
eq

o

m
1 Name.

No.
taken to
Market.

No.
thrown
Over-
board.

Total
No.

2-'. Same
Locality.

1902.

June 4. 76 10.30

a.m.
2.30

p.m.
Cod,
Codling, .

.

Haddock (1),

„ (2), ..

(3),

Whiting, .

.

Coal-fish, ..

Ling,
Gurnard, ..

Halibut, .

.

Megrim, .

.

Witch (1), .

.

„ (2), . . .

.

Lemon Sole,

Long Rough Dab,
Starry Ray,
Angler,

19

73"

30
94—217

27
4

2
3

1

11

75
123—198

1

"s

"1

"2

1

2

167
1

19
1

2i9
28
4

2
5

1

11

198
1

167
1

8

Light airs, S.E. ;

slight swell. Bot-
tom mud.

491 174 665

23. Same
Locality.

June 4. 49-3 46-3 43-2 71 3.0

p.m.
7.0

p. m.
Cod,
Codling, .

.

Haddock (1),

(2) ,

(3) , .

.

Whiting, ..

Coal-fish, .

.

Gurnard, .

.

Megrim, .

.

Witch (1), .

.

„ (2), . . .

.

Long Rough Dab,
Angler,
Norway Pout,
Herring, .

.

12
'26

71

60
178—309

24
1

3
9

101

77—178

3

"1

27
3

1

"3

43

"2

1

12
27

336
27
1

4

9

181
43
3
2

1

Light S.E. breeze
;

sea smooth. Bot-
tom mud.

1
565 81 646

24. Same June 4. 64 7.30

p.m.
11.30
p.m.

Cod,
Haddock (1),

„ (2), ..

(3). ..

Whiting, .

.

Cat-fish, .

.

Wit(;hes (1),

<2),

Angler

5

Ibask't

i „
4 ,,

\ „
1

20
30
— 50

3

Light airs ; sea
smooth. Bottom
mud. Catch only
partl}^ recorded.

25. Same
Locality.

1

June 5. 64 12.0

a.m.
4.0

a.m.
Cod,
Codling, .

.

Haddock (1),

(2) , ..

(3) , ..

Whiting, .

.

Coal-fish, ..

Hake,
Ling,
Gurnard, ..

Cat-fish, .

.

Turbot, .

.

Megrim, .

.

Witch (1), .

.

„ (2), . . .

.

Long Rough Dab,
Mackerel, .

.

Argentine,

22
25

27
25
297—349

is
1

2

4

2

1

9
61
72
—133

1

562

1

' '5

3

2

17

3

33

22

26

354
3

13
1

2

6
2
1

9

135
17
1

3

595

Calm : sea smooth.
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth
in

Fms.

Time Trawl
Down. Fish Caught.

Place. Date.

< s
CO

E
o

o
fq

i
JS
03

a>

1 Name.
No.

taken to

Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

26. Same
Locality.

1902.

June 5. 50-2 47-0 43-2 66 5.45

a.m.

9-45

a.m.
Cod,
Codling, .

.

Haddock (1),

(2). ..

(3) , ..

Whiting, ..

Coal-fish
Hake,
Gurnard, .

.

Megrim, .

.

Witch (1), .

.

„ (2), . . .

.

Long Rough Dab,
Grey Skate,
Starry Ray,
Angler,
Bib

7

28
69
93
173—335

16
30
1

1

7

47
43
— 90

1

"3

"2

'so

2

"2

"3

79

"1

"1

7

30

4i5
18
30
1

3

'93

79
1

1

3
1

Dense fog ; calm ;

sea smooth. Bot-
tom mud.

519 17U 689

27. Same
Locality.

June 5. 70 10.15

a.m.
2.15

p.m.
Cod,
Haddock (1),

(2) ,

(3) , .

.

Whiting, ..

Coal-fish, .

.

Ling,
Gurnard
Megrim, .

.

Witch (1)

„ (2)... ..

Long Rough Dab,
Grey Skate,
Starry Ray,
Angler,
Argentine,

9
44
47
328—419

73
21
2

3

14
29
19
— 48

"1

"1

'43

3

"e
1

5

54

"1

"1

9

462
76
21

2

9
15

'53

54

Calm ; smooth
;

dense fog. Bot-
tom mud. After
this drag steered
W.S.W. for Aber-
deen, and ran 74
miles.

591 114 705
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TRAWLING INVESTIGATIONS—TABLE I.

101

Place.

1. Aber-
deen Bay,
off Black
Dog.

2. Same
Place.

3. Aber-
deen Bay,

off

Collieston.

4. Moray
Firth,

Burghead

Date.

1902.

Oct. 2.

Oct. 3.

Oct. 3.

Oct. 4.

Temperature.

Depth
in

Fms,

20 to 4

6 to 17

lOtolS

to 14

Time Trawl
Down.

6.0

p.m.

12.15
a.m.

11.20

p.m.

5.30

a.m.

9.30

a.m.

p.m.

Fish Caught.

Name.

7.40

p. m.

Cod,
Codling, .

.

Whiting, .

.

Haddock, .

.

Turbot
Plaice,

Com. Dab, .

.

Long Rough Dab,
Gurnard, .

.

Thornback,
Starry Ray,

Cod,
Codling, .

.

Haddock (I),

(2) ,

(3) ,

Whiting,
Gurnard,
Plaice (1),

„ (2),

„ (3),

„ (4),

Lemon Sole,

Com. Dab, .

.

Long Rough Dab,
Thornback Ray, .

Starry Ray,
Angler,

Cod,
Codling, .

.

Haddock (1),

(2) ,

(3) ,

Whiting, .

.

Turbot,
Black Sole,

Plaice,

Lemon Sole,

Com. Dab, .

.

Thornback,
Starry Ray,

Cod,
Codling, .

.

Haddock (1),

(3),

Whiting, ..

Hake,
Ling,
Gurnard, .

.

Plaice (1), ..

„ (2),..

„ (3), .

.

„ (4),..

Com. Dab, .

.

Witch,
Lemon Sole,

Mackerel, .

.

Angler,
Thornback,

No.
taken to

Market.

887

No.
thrown
Over-
board.

I bskt
32
59

2225
2316

161

17"

143
52
98—310

5

5

578
32
52

4996

3
2

132
2

240

6732

2
92

72
1011

1083
150

1

1

228

50"

222
458—730

27
122
21
1

15

2473

15
101

47
379

62
2

162
31
6

13
7

332

45

11

2
124

2

7

Total
No.

472
33
32

1510

2353
170

3

372
7

330
31

3300

5

623

772
3
2

143
4

364
2
7

7023

R<;marks.

" Star of the Sea,"
Beam trawl 50 ft.

6 in. long. Shot
in 20 fms. and
towed nto 4 fms.
and out into 18
fms. There were
3 baskets of small
Haddocks. \ bas-
ket of medium
Plaice, i basket of

small Plaice, and
1 basket of Dabs.

Otter trawl. Cod-
lings were not en-
umerated. The
catch in baskets
was :—10 of small,

I seconds, and ^
large Haddocks

;

1 of large, 3 of
medium, and J of
small Plaice ; | of

Codlings,li Whit-
ings, and 1 of
Dabs.

The marketable
counted, besides
the Cod, Turbot,
and Soles, of 23
baskets small, ^
large, and j me-
dium Haddocks;
4 basketsWhiting,
34 of Codlings, i

of Dabs, and 3 of
Plaice ;

— or 34^
baskets.

Only the market-
able were en-
umerated. The
unmarketable con-
sisted of 14 bas-
kets, chiefly Gur-
nards and Dabs.
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth

Time Trawl
Down. Fish Caught.

Place. Date.

<

o o

o
n

in

Fms.
o

m
1 Name.

No.
taken to

Market,

No.
thrown
Over-
board.

Total
No.

Remarks.

5. Same
Place.

1902.

Oct. 4-5. 5 to 20 8.20

p.m.
1.0

a.m.
Cod,
Codling, .

.

Haddock (1),

(2) , ..

(3), ..

(4) ,

Whiting, .

.

Gurnard,
Brill, ."

.'

\\

Plaice (1

)

„ (2)!"

„ (3),.. ..

(4),.. ..

LemoB Sole,
Black Sole,

Witch,
Com. Dab, .

.

Thornback

1

41

60

'

1308
857

2225

200
3

65
110
407
114—696

13
1

4

409
3 "6

Mostly worked in

7-9^ fms. "Offal"
thrown over-

board, chiefly

Dabs, consisted of

12 baskets.

3596

6. Same
Place.

Oct. 5. 5 to 9 2.0

a. m.
6.20
a.m.

Codling, .

.

Haddock (1),

(2) , ..

(3) , ..

Coal-fish, ..

Gurnard,
Plaice (1), ..

„ (2),..

„ (3),..

„ (4),.. ..

Brill,

Lemon Sole,

Com. Dab, .

.

Tnornback,
Angler,

40
25

1989'

2014
2

70
36

213
536

1354
2139
3

36
482

6
h'

Unmarketable
fishes consisted

of 15 basketfuls,

chiefly Dabs.

4786

7. Same
Place.

Oct. 5. 4 to8 8.0 1.0

p.m.
Codling, .

.

Haddock (3),

Whiting, ..'

Ling,
Gurnard, .

.

Plaice (1), .

.

„ (2, ..

„ (3), .

.

M (4)

Com. Dab, .

.

Lemon Sole,

Thornback,
Sand-eel, .

.

278
3

\

153
174
824
548
160

1706
245

ii

25
12
4

'21

425
1640

3
3
2

25
290

7

1

174

2131
1885

3

14
2

The catch included

240 Squids.

2397 2135 4532

8. Same
Place.

Oct. 5. 5 to 13 1.45

p.m.
5.45

p.m.
Cod
Codling, .

.

Haddock (3),

Gurnard, .

.

Plaice (1), .,

„ (2),..

„ (3),..

„ (4),.. ..

Brill,

Lemon Sole,
Com. Dab, .

.

Thornback,

\

29
1314

40
56

358
432

2—848
2

156
11

"Ofifal" consisted

of six baskets.

2404
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.
Depth

in

Fms.

Time Trawl
Down.

Fish Caught.

Plac«. Date.

<

6

u
3
02

O
o

CO

i
•3

W
Name.

No.
!

taken to|

Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

9. Same
Place.

1902.

Oct 5. 6 to 13 6.30
p.m.

il.O

p.m.
Cod,
Codling', .

.

Haddock (1),

(2) , ..

(3) >

Whiting, .

.

GurnaiS, .

.

Plaice, (1),..

„ (2),..

„ (3),.. ..

„ (4),..

Lemon Sole,

Brill,

Com. Dab, .

.

Grey Skate,

1

40
25

1465
1490
7

40
36
200
95
52—383

3
7

62
1

",Offal" consisted
of six baskets.

2034

10. Same
Place.

Oct. 6. 12.0

a.m.
1.0

a.m.
Codling, .

.

Haddock (3),

Plaice (1), .

.

„ (2),.. ..

„ (8), .

.

„ (4)...

Com. Dab,
Thornback,

,2
320

5

74
100
75—254

67
1

654

12. Same
Place.

Oct 6. 50-7 52-0 8 to 20 8.5

a.m.
12.20

p.m.
Codling, .

.

Haddock (1),

(2) , ..

(3) , ..

Whiting, .

.

Hake,
Gurnard, .

.

Plaice (1), .

.

(2),

„ (3),.. ..

„ (4),.. ..

Brill,

Com. Dab, .

.

Lemon Sole,

Witch
Long Rough Dab,
Thornback,
Angler,

27
24

17
— 41

"l
lOS

40
145
295
130—610

1

70

'75

4

"9

1

30

730
3

30

"6

27

'50

1

1

138

eio
1

800
3

75
30
4

6

Catch Included
400 ink-fish.

937 809 1746

13. Same
Place.

Oct. 6. 6 to 15 1.0

p.m.
5.30

p.m.
Codling, .

.

Haddock (1),

(2). ..

Gurnard, .

.

Plaice (1), .

.

,, v^-,;, .

.

„ (3),..

„ (4),..

Brill,

Lemon Sole,

Com. Dab,
Witch
Thornback,

6
22

440—462
45

46
115
212
164—537

11
2

40
25
3

A very large num-
ber of Dog fishes

in neu

1131 ..
1

..

1
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth
in

Fms.

Time Traw 1

Down.
Fish Caught.

Place. Date.

<

a> s
o

o
fQ

o
w

Name.
No.

;aken to
Market.

No.
thrown
Over-
boai-d.

Total
No.

Remarks.

14. Dornoch
Firth, oflf

Dmirol)in

1902.

Oct.
6-7

S to

13
9.0

p.m.
1.30

a. m.
Haddock .

.

Gurnard, .

.

Plaice (1), ..

(2),.. ..

„ (3), . . .

.

„ (4)... ..

Brill,

Com. Dab, .

.

Thornback,

36
30

25
90
80
100
—295

4

34

6

405

15. Same
Place.

Oct. 7. 5 to

12
1.45

a. m.
6.0

a.m.
Haddock (1),

Gurnard, .

.

Plaice (1), .

.

„ (2),.- ..

„ (3)

„ (4),.. ..

Brill,

Lemon Sole,

Com. Dab, .

.

Thornback,
Angler

26
60

15
202
480
725

1422

4

5

20
7

8
29

'97

598

"6

34
89

1519
4
5

618
7

6

25 Ink-fish.

1544 738 2282

16. Same
Place.

Oct. 7. 5 to

14
6.50
a.m.

11.30
a.m.

Cod,
CodUng, .

.

Haddock (1),

(2) , ..

(3) , .

.

Whiting, .

.

Gurnard, .

.

Plaice (1), ..

„ (2), . . .

.

,. (3), .

.

„ (4), .

.

Brill,

Lemon Sole,

Com. Dab,

14

90
115
20
35—170

7

45
53
158
358
649

'i9

4

21

14

90

i89
11

66

1218
3

17
41

ii7

2

187
2

1335
3

19
228

2

1605 352 1957

17. Same
Place.

Oct. 7. 5 to

13
12.25

p.m.
5.0

p.m.
Cod
Codling, .

.

Haddock (1),

(2) , ..

(3) , .

.

Gurnard,
Plaice (1), ..

» (2), .

.

(3),..

„ (4),.. ..

Lemon Sole,

Com. Dab,
Thornback,

1 .

85
367
39

135—541

76
31
215
383
487—1116

5

17
12

20

'50

260

676

1

105

541
126

1316
5

693
12

There were 11 J,

baskets of Plaice,

7 of Haddocks,
1 of Codling, and
1 of Gurnard.

1853 946 2799

\
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TRAWLING INVESTIGATIONS—TABLE L

Temperature.

Depth
in

Fms.

Time Trawl
Down. Fish Caught.

Place. Date.

<

a3

%

5

a
o

o o
43m

1 Name.
No.

taken tc

Market

1 No.
thrown
Over-
board.

Total
No.

Remarks.

18. Same
Place.

1902.

Oct. 7. 7 to IS 5.50

p.m.
6.35

p.m.
Codling, .

.

Haddock (1),

Gurnard, .

.

Plaice (1), .

.

„ (2), . . .

.

M (3),.. ..

„ (4), . . .

.

Brill,

Lemon Sole,

Com. Dab,

6
5

5

7

61
110
136—314

2

2

6

5

'38

i23

12

5

10

352
2

2

123

Net caught on bot-
tom, and when
hauled was found
to be torn.

334 172 506

19. Dornoch
Firth, off

Dunrobin.

Oct. 7.8. 8.30
p.m.

12. 4r)

a.m.
Codling, .

.

Haddock (1),

Gurnard, .

.

Plaice (1), ..

„ (2), .

.

„ (3), . . .

.

„ (4), . . .

.

Lemon Sole,
Com. Dab, .

.

Thornback,

'i9

45
7

206
248
468—929

3

"e

1

7

'62

678

1

19
52

991
3

678
6

1002 748 1750

20. Same
Place.

Oct. 8. 2.30

a.m.
7.0

a.m.
Haddock (1),

Gurnard, .

.

Plaice (1), .

.

„ (2), ..

„ (3),.. ..

„ (4), .

.

Brill,

Lemon Sole,
Com. Dab,
Thornback,
Angler,

6

56
14

225
361
609—1209

12
2

70
7

i5

250

978

"7

6
71

1459
12
2

1048
7

7

1362 1250 2612

21. Same
Place.

Oct. 8. 8.15

a.m.
12.15

p.m.
Cod,
Codling, .

.

Haddock (1),

(2). ..

(3) , ..

Whiting, .

Gurnard, .

.

Plaice (1), .

.

„ (2),..

„ (3),..

>' \^/» -

Brill,

Lemon Sole,

Com. Dab
Thornback,

8
103

936
160
318—1414

9
76

35
212
190
925—1362

2
5

SO
6

VI

'87

643

8
103

1426
16
76

1449
2

5
723
6

The catch included
18 baskets of Had-
docks, 9 of Plaice,

liof Codlings.and
1 of Gurnards.

3065 749 3814



106 Part III.— Twenty-first Anmcal Report

TRAWLING INVESTIGATIONS—TABLE 1.

Temperature.

Depth

Time Trawl
Down. Fish Caught.

Place. Date.

'<

t>
o3

u>

!3

CO

S
o
q
W

in

Fms.
o
.53

02

x'

.2
Name.

No.
;aken to
Market.

No.
thrown
Over-
board.

Total
No.

Remarks.

22. Same
Place.

1902.

Oct. 8. 6 to 14 1.15

p.m.
5.45

p.m.
Cod,
Codling, .

.

Haddock (1),

(2), ..

(3) , ..

Whiting, .

.

Gurnard, .

.

Plaice (1), ..

„ (2),.. ..

„ (3),..

„ (4),.. ..

Lemon Sole,

Com. Dab, .

.

Thornback,
Angler,

2

27
156

15
30

201

i92
100
119
294
508—1021

3
71

2

'3

1

235

590

"4

2

39

204
1

192

1256
3

661
2

4

1519 845 2364

23. Off

Tarbet Ness.
Oct. 9. 9 to 20 4.20

a.m.
9.0

a.m.
Codling, .

.

Haddock (1),

(2), ..

Gurnard, .

.

Plaice (1), .

.

„ (2), .

.

„ (*),..

„ (4), . . .

.

Brill,

Lemon Sole,

Com. Dab, .

.

Thornback,

102
60
40
—100

101

53
119
366
615— 11.33

3
4
20
5

4

i7

'92

370

106

ioo
118

1245
3
4

390
5

1488 483 1971

24. Tarbet
Ness, bear-
ing W.S.W.

Oct. 9. 19to25 10.5

a. m.
1.25

p.m.
Cod,
Codling, .

.

Haddock (1),

(2) , -

.

(3) , ..

Whiting, .

.

Ling,
Gurnard, .

.

Plaice (1), .

.

„ (2),.. ..

„ (3),.. ..

„ (4),.. ..

Lemon Sole,

Com. Dab,
Thornback,

3
20

67
30
40
—137

5
2
50

24
74
20

101—219
14

"2

'9

5

'23

139
1

3

20

146
10
2

50

242
14

139
3

452 177 629

25. Aber-
deen Bay,
off New-
burgh.

Oct. 9-10 Sto 12 11.45
p.m.

4.0

a.m.
Codling, .

.

Haddock (1),

(3), ..

Whiting, ..

Plaice (1), .

.

„ (2),..

(3),.. ..

„ (4),.. ..

Com. Dab, .

.

Brill,

1

f bskt.

21 „

21i „
20

3 bVkts.

2 ,.

2 „

7 „
1 M

1

" Offal" consisted

of three baskets.

1
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TRAWLING INVESTIGATIONS—TABLE I.

Temperature.

Depth

Time Trawl
Down.

Fish Caught.

Place. Date.

<
1
m

i
1.3

O
M

in

Fms.
o
.£5

0)

1
w

Name.
No.

taken tc

Market

No.
thrown
Over-
board.

Notal
No.

Remarks.

26. Same
Locality.

1902.

Oct. 10 4 to If 4.35

a.m.
9.45

a.m.
Codling, .

.

Haddock (1),

(2) , .

.

(3) , .

.

Whiting, .

.

Gurnard .

.

Plaice (1)

„ (2), . . .

.

„ (3),..

„ (4),.. ..

Brill,

Com. Dab, .

.

3
10

1522—-153S
2

30

228
341
270—839

3
210

10

23
7

i69

235

13

1555
9

30

948
3

445

2619 384 3003

27. Same
Locality.

Oct. 10. 5 to 10 10.20

a.m.
3.20

p.m.
Haddock (1),

(2) , ..

(3) ,

Gurnard, .

.

Plaice (1), .

.

„ (2),.. ..

„ (3),.. ..

„ (4),.. ..

Brill

Com. Dab, .

.

14

1558
1572
23

12
372
223
210—817

2
160

U nmarketable
"offal" consisted
of 1^ baskets.

2574
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EXPLANATION OF PLATE I.

Chart of the North Sea, showing the areas of different depths—(1) up to 20,

(2) between 20 and 30, (3) from 30 to 50, (4) from 50 to 100 fathoms, and (5)

over 100 fathoms.

Hg. = Herring ; M. = Mackerel ; L. = Lythe ; S. = Sturgeon.

The black spots show the localities where special trawlings have been made,

as follows :

—

L—August 31, September 4, 1900; IT.—16-19 October, 1900; III.—May 15,

1901 ; IV.—May 16, 1901 ; V.—May 17, 1901 ; VI.—May 19-22, 1901;

VII.—December 11, 1901; VIII.—March 10, 1902; IX.—May 23-28,

1902; X.—May, June, 1902.
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IL—ON SOME NEW AND RARE CRUSTACEA COLLECTED AT
VARIOUS TIMES IN CONNECTION WITH THE INVESTL
CATIONS OF THE FISHERY BOARD FOR SCOTLAND.

By Thomas Scott, LL.D., F.L.S., Mem. Zool. Soc. de France.

(Plates II.-YI.)

Though the larger, or, as they are sometimes called, the higher

Crustacea of the British seas are now fairly well known, our knowledge
of the smaller forms is still very defective ; and as these smaller species

constitute an important part of the food of small and young fishes, their

study becomes important from a fisheries' point of view as well as from
the point of view of the naturalist.

A large number of gatherings of small crustaceans has been examined
during the past year. These gatherings have been collected at various

times, and some of them several years ago ; some of the earlier gather-

ings were not examined or only partially examined at the time they

were collected, as other work requiring more immediate attention had to

be done. The re-examination of these collections has yielded several new
forms, besides a number of rare and interesting species already described.

The new species all belong to the Copepoda—a group which from their

great abundance, their wide distribution in all our seas and estuaries, and
their nutritive qualities, is of immense value as food for fishes.

In a recent paper on the food of fishes* it is shown that the young of

almost all the food-fishes live very largely on small crustaceans, and a

considerable proportion of them belong to the Copepoda.

Among the species recorded in the present paper the following appear

to be undescribed :

—

Ameira jpusilla^ T. Scott (sp. nov.).

„ amhigua, T. Scott (sp. nov.).

Delavalia minutissima, T. Scott, (sp, nov.).

Tetragoniceps pygmcBus, T. Scott (sp. nov.).

LaopTionte gracilis^ T. Scott (sp. nov.).

Cletodes negleda, T. Scott (sp. nov.).

Enhydrosoma gracile, T. Scott (sp. nov.).

Enhydrosoma minutum, T. Scott (sp. nov.).

Dactylopus Utforalis, T. Scott (sp. nov.).

Dactylopus vararensis, T. Scott (sp. nov.).

Dactylopus mixtus, T. Scott (sp. nov.).

Paranthessius dubius, T. Scott (gen. et sp. nov.).

While among the other species recorded in the sequel there are severa

.

that are of special interest. For example, Parastephos pallidus (G. O.
Sars) is a copepod new to the British fauna.

Eucalanus crassus, Giesbrecht, is a copepod which was added to the
British fauna a few years ago, and is now recorded from a new station.

Stephos scotti, G. 0. Sars, is also recorded from a new station, and the
male is described for the first time from Scottish specimens.

* Twentieth Annual Report Fishery Boardfor Scotland, Part III., pp. 486-538 (1902).
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The number of Crustacea described in the present paper is scarcely

so large as in some of those previously published.

I am, as formerly, indebted to my son Mr. Andrew Scott, A.L.S., for the
drawings required to illustrate the new and rare species described here

;

and the arrangement of the species is similar to that adopted in previous
papers.

CRUSTACEA.

Sub-Class ENTOMOSTRACA.

Order I.—COPEPODA.

Calanoida.

Genus Eucalanus.

Eticalanus crassus, Giesbrecht.

1881. Eucalanus crassus^ Giesb., Atti. Acc. Lincei Rend., ser. 4,

vol. 4, lem. 2, p. 333. See also Pelagisch. Copep. Golfes

von Neapel, pp. 131-152, t. 11 and 35.

Several specimens of this species were captured about 10 miles off

Aberdeen on November 6th, 1901. This is the first time that Eucalanus
crassus has been taken so far south on the east side of Scotland. The
species has been several times captured in the Moray Firth,* and it has
also been collected along with Eucalanus elongatus about fifty miles

south-east of Fair Island.t Dr. R. Norris Wolfenden records it from the

Faroe Channel, where he has also taken several other interesting species.J

Genus Stephos, T. Scott (1892).

Stephos scotfi, G. O. Sars. PI. ii., figs. 1-4.

1897. Stephos gyrans, T. Scott (not Giesbrecht), 15th Ann.
Rept. Fishery Board for Scotland^ pt. iii.. p. 146, pi. iv.,

fig. 9; pi. iii., figs. 17-18.

1892. Stephos scotti, G. 0. Sars. An Account of the Crustacea

of Norway, vol. iv., p. 63, pi. xliii.

This species was first observed in some material dredged in 1896 in

Loch Gair—a small lagoon opening into Loch Fyne. Only a single

female was obtained on this occasion, and, as it had a somewhat close

resemblance to Stephos gyrans, Giesbrecht, it was ascribed to that

species. Additional female specimens were subsequently obtained not

only in other parts of the Clyde area but also in the Firth of Forth, but

till quite recently no males had been observed among Scottish specimens.

Prof. G. 0. Sars, however, had already obtained both sexes of the species

in Norwegian waters, and had found that the males especially diflfered

considerably from the males of Stephos gyrans, and, therefore, in vol. iv.

of his great work on the Crustacea of Norway described it under the

name given above.

It happened that I had a gathering of small Crustacea which had been

collected in 1894 in an old quarry near Granton to which the tide has

access during high water. This gathering, which was examined during

* Eighteenth Annual Report of the Fishery Board for Scotland, Part III., p. 382 (1900).

t Nineteenth Annual Report of the Fishery Boardfor Scotland, Part III., p. 237 (1901).

Journ. Marine Biol. Assoc., vol. vi., No. 3 (January, 1902), p. 361.
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the past summer, was found to contain many copepods, some of them
being rare forms ; several specimens of Stephos scotti were obtained in

this gathering, and they included both males and females. The dissections

of both species corresponded exactly with Prof. G. 0. Sars' description

and figures in the work referred to.

The two drawings (pi. ii., figs. 1 and 2) represent an adult female and

male from the Granton quarry gathering ; the only obvious external

difference between them is in the structure of the fifth pair of feet, separate

drawings of which are represented by figures 3 and 4. A full description

of the species, with drawings, is given by Prof. Sars in the work already

mentioned.

Genus Farastephos, G. O. Sars (1902).

Parastephos pallidus, G. O. Sars. PI. ii., figs. 5-10.

1892. Farastephos pallidus, G. 0. Sars, Crustacea of Norway,
vol. iv., p. 65, pi. xliv.

The genus Parastephos was recently instituted by Prof. G. 0. Sars for

a single male specimen of a copepod found many years before at Sjerjehavn,

west coast of Norway, in about 100 fathoms, where the bottom was soft

and muddy.
During the past summer, while examining a bottom tow-net gathering

collected near the head of Loch Fyne in November, 1901, I observed

several specimens, both males and females, of this interesting species ; but

though most of the male specimens were adult, the females, with the

exception of one, were more or less immature. The drawings of the male

prepared by Prof. G. 0. Sars are perfectly characteristic, but the figures

given here may be useful to those who have not seen the drawings of the

learned author referred to.

The species is a moderately large one, the adult male (fig. 6) is very

nearly two millimetres in length, while the adult female (fig. 5) is some-

what larger, being 2*19 mm. (about of an inch). The description of

the fifth feet of the male may be best given in Prof. G. O. Sars' own
words :

—" Last pair of legs in the male largely developed and very

asymmetrical, right leg slender and terminating in a strong denticulated

claw, left leg much coarser, with the antepenultimate joint the largest

'

(fig. 10). The distal portion of the right leg can apparently be folded

completely back upon the proximal portion as shown in the figure.

The female antennules resemble those of the male
;
they are equally

elongated and composed of twenty-four joints, the second and eighth joints

are each nearly as long as the combined lengths of the two joints which
immediately follow them. The antennules are only sparingly setiferous,

and are furnished with several small sensory filaments (fig. 7). The fifth

pair in the female appear also to be asymmetrical ; in the only adult

specimen obtained the left leg of the fifth pair is considerably longer than

the right one, but this appears to be the only difference (fig. 9).

In the female, each of the first three abdominal segments expands

posteriorly into a ridge which is fringed with fine hairs, as shown in

fig. 2.

In the adult male represented by the drawing, the second pair of

thoracic feet (fig. 8) are alike on both sides, the outer branches being both

three-jointed and the inner two-jointed. Prof. G. 0. Sars, in his descrip-

tion of the only male specimen he had, states that the outer branch of the

right foot of the second pair was only two-jointed ; but such a difference

is rather unusual among the Calanoida, and probably his specimen may

t
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have been defective, as no such difference was observed in Clyde speci-

mens. The Clyde is, so far, the only known British habitat for this

interesting species.

Genus Pseudophcenna, G. 0. Sars (1900).

Pseudophcennal tijpica, G. O. Sars. PI. ii., figs. 11-15.

1902, Pseudo2)hcenna iijpica, G. 0. Sars. An Account of the

Crustacea of Norway, vol. iv., p. 44, pi. xxix,, xxx.

A single male specimen of a Calanoid, which I have referred, though
somewhat doubtfully, to Pseudophcenna typica, G. 0. Sars, was obtained

in a bottom tow-net gathering of Crustacea collected last year near the

head of Loch Fyne. The specimen agrees very closely with Pseudophcenna
typica in its general outline and in the structure of the various appendages

so far as these can be made out, except that the fifth feet slightly differ

from the drawing given in the work of Prof. G. O. Sars referred to above,

but not so much in their general structure as in the apical part of the

right leg (fig. 15).
^

This Loch Fyne specimen measures fully one and a half millimetres
;

the thoiax is moderately stout, but the abdomen is slender (figs. 11 and 12).

The antennules, which reach to about the distal end of the thorax, appear

to be composed of twenty-one joints. The basal joints, from the third to

the seventh, are shorter than the others ; the right is elongated and appears

to be indistinctly articulated near the distal end. The antennules are

only sparingly setiferous, bat they are well supplied with sensory filaments

as shown in the drawing (fig. 13). The species will not be satisfactorily

determined till more specimens of both sexes are obtained.

In his note on the distribution of this Calanoid, Sars states that he has

obtained it at several places, from Christiania Fjord to Vardo, and that it

is a true bottom form, it is therefore probable that the species may not be

rare in the deeper water ofi" the Scottish coast.

Genus Pseudoajclops, G. S. Brady (1872).

Pseudocydops ohtuscttus, Brady and Robertson. PI. vi., figs. 13-15.

1873. Pseudocydops obtitsatus, B. and K,., Ann. and Mag. JS'at.

Hist. (4), vol. xii., p. 128, pi. viii., figs. 4-7.

1878. Pseudocydops obtusatus, Brady, Mon. Brit. Copep., vol. i.,

p. 84, pi. xii., figs. 1-13.

Although the distribution of this species seems to be extensive, it does

not appear to be anywhere very common. The female represented by the

drawing (fig. 13) was obtained during the past summer by washing the

filters at the Hatchery, Bay of Nigg. The species, which is fairly well

marked, has been described by Brady and Robertson in the Annals and

Magazine of Natural History, and by Prof. G. S. Brady in his Monograph

of the British Copepoda.

In this species the rostrum is of a somewhat broadly triangular form

and the antennules (fig. 14) are short and moderately stout, and are

apparently composed of seventeen joints and are furnished with numerous

plumose setae ; the basal joint also carries two moderately long sensory

filaments.

The outer branches of all the thoracic feet are armed with stout dagger-

like spines on their outer aspect. The inner branches of the fifth pair

are considerably shorter than the outer ones, and the end joints terminate

abruptly, as shown in ihe figure
;
moreover, the marginal setae on the
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inner edges of both the inner and outer branches have the basal half

distinctly thicker than the distal portion, so much so as to be observable

without dissection (fig. 15).

This species has also been obtained in the Moray Firth and in the

Firth of Forth as well as in the Clyde, but seldom more than one or two
specimens have been noticed in any single gathering.

Genus Lahidocera, Lubbock (1853).

Lahidocera wollastoni, Lubbock.
1857. Pontella loollastoni, Lubb., Ann. Nat. Hist. (2), vol. 20,

p. 406, pi. 10, 11.

This somewhat rare species was captured in Loch Fyne with the surface

tow-net at Station XIII. (off Largymore), October 9, 1901. It also

occurred in a bottom tow-net gathering collected at Station XIII., near

the mouth of the Clyde estuary, on November 11, 1901. In the gathering

at Station VIII. there were also obtained Candacia pectinata^ Metridia

Jucens^ Parapontella hrevicornis, and other forms.

Fam. HARPACTICIDiE.

Genus Ectinosma^ Boeck (1864).

Ectinosma curticorne, Boeck. PI. vi., fig. 1.

1885. Edinosoma curticorne^ Boeck, Abhandl. Natur. Vereins zu

Bremen, ix. Bd., p. 194, t. vi., figs. 1-12.

1895. Ectinosoma curticorne, T. and A. Scott, Trans. Linn. Soc,

vol. vi. (Zool.), p. 430, pi. 36, figs. 22, 30, 34, et. seq.

This is a marine species, and though recorded from several British

localities it does not appear to be anywhere very common ; it is, however,

more frequently met with amongst the fronds and roots of algse in the

littoral zone than in off-shore waters. It is usually of a brownish colour,

and there is also usually a dark-coloured blotch at the bases of the

antennules, such as is observed in Bradya minor, but in that species the

outline of the blotch is more distinctly defined. Specimens of this species

have been obtained in gatherings collected some years ago in shallow

water near Musselburgh and Granton, Firth of Forth, but which have

only recently been examined. In this species, as in one or two others,

the furcal joints are each provided at the apex with a short but stout cone-

shaped spine and with two other short setse which are moderately stout

and spiniform, as shown in the drawing (pi. vi., fig. 1). There are also, as

in other Harpactids, one or two elongated terminal setse, the principal of

which is moderately stout.

A few other Ectinosomas were obtained in the Musselburgh gatherings

along with E. curticorne, two of which may be referred to here, viz. E.

gracile and E. herdmani. Ectinosoma gracile, T. and A. Scott, is a small

and slender form which was first discovered near St. Monans, Firth of

Forth, and has since been found sparingly in several British localities.

This species was moderately frequent in one of the gatherings from
Musselburgh. Ectinosoma herdmani, T. and A. Scott, though a

larger form than the last, is also moderately slender, and was also first

observed near St. Monans. Most of the Ectinosomas require careful

examination, but this is one of a few that are comparatively easily

identified. This species was one of the more common Harpactids in the

Musselburgh gatherings ; it is readily noticed by its elongated slender

form and the opaque white colour it assumes when preserved in spirit.

H
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Genus Ameira^ Boeck.

Ameira j)UsiUa, T. Scott, sp. nov. PI. v., figs. 1-10.

Description of the Female.—Body elongated and slender, resembling
generally a small Cantliocamptus or Attheyella

;
length about three and a

half millimetres (about of an inch), rostrum short (fig. 1).

The antennules are only moderately elongated and composed of seven
joints, the second joint is considerably longer than any of the others, and
the antepenultimate one is apparently the smallest, as shown by the

drawing (fig. 2).

The antennae, which are moderately stout (fig. 3), are furnished with a

small uniarticulated secondary branch.

The mandibles are of a narrow cylindrical form and are armed with
several small teeth or spinules on the obliquely truncate apex ; the palp is

of moderate size and is composed of a somewhat dilated basal joint bearing
two small one-jointed branches (fig. 4).

The second maxillipeds are small, two-jointed, and armed with a small

but moderately stout terminal claw (fig. 5).

In the first pair of thoracic feet the inner branches, which are three-

jointed, are very long, but this is owing to the elongation of the first and
third joints, the middle joint being a short one, the first joint reaches to

about the extremity of the three-jointed outer branches, while the third

joint is fully half the length of the first and twice the length of the second

joint ; the inner branches are also slender in proportion to the length

(fig. 6).

The inner branches of each of the following three pairs are all shorter

than the outer ones, Avhich are somewhat elongated, and both branches in

all the three pairs, and especially of the third and fourth, are moderately

slender (figs. 7 and 8).

In the fifth pair the inner produced portion of the basal joint is broadly

sub-cylindrical, and does not reach to the end of the secondary joint ; it

appears to be provided with four apical setse, the two inner ones being

moderately short and spiniform, but the two others are longer. The
secondary joint is also somewhat cylindrical in form, and rounded at the

ends, its breadth being nearly equal to half the length ; it appears to be

provided with only three apical setce, arranged as shown in the drawing
(fig. 9), the middle one being very long and slender and the inner one

also slender and elongated, but the outer is short.

The fureal joints are fully half as long as the last segments of the

abdomen, and the principal tail sette are very long and slender (fig. 10).

Habitat.—Off Musselburgh, Firth of Forth, in shallow water, but not

very common.
Remarks.—This species has a close general resemblance to some forms

of Canthocamptus, not only in its general configuration but also in some
of its appendages ; this is especially noticeable in the structure of the first

thoracic feet, which do not differ much from Canthocamytus staphylinus

or C. northumbricus ; this pair is also somewhat similar to those of

Stenhelia ima, but the terminal joints of the inner branches are propor-

tionally considerably longer. The structure of the antennse and mandibles

shows its relationship with Ameira, but it diff'ers in the structure of the

first and fifth pairs of thoracic feet from any species previously described,

so far as these are known to me.

Ameira ambigua, T. Scott, sp. nov. PI. v., figs. 11-19.

Description of the Female.—This form, which somewhat resembles

Ameira longipes in general appearance, is comparatively small; the
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specimen represented by the drawing (fig. 11) measures only "56 mm.
(about of an inch). In this form the rostrum is small and the fureal

joints short.

The antennules (fig. 12) are elongated and slender and composed of

eight joints, the smallest joints counting from the proximal end are the

fifth and seventh, while the second is the largest. The proportional

lengths of the various joints are shown approximately by the annexed
formula :

—

Lengths of the joints, - 15 ' 18 ' 12 • 11 • 7 • 8 • 5 '

Numbers of the joints, - 1-2-3-4-5-6-7-8

The antennae appear to be two-jointed and moderately stout, but the

secondary branch is small and composed of a single joint (fig. 13).

The mandibles are very small and of a cylindrical form, the distal end
is obliquely truncated and armed with minute spines ; the palp is also

very small, and has the basal part slightly dilated and provided with a

minute one-jointed branch (fig. 14).

The second maxillipeds are moderately stout and two-jointed, and
armed with an elongated and slender terminal claw (fig. 15).

The first pair of thoracic feet have the inner branches elongated and
moderately stout ; the first joint is about three times as long as the entire

length of the second and third joints, but these two joints are small and
sub-equal. The outer branches are moderately slender, and they are

shorter than the first joint of the inner ones (fig. 16).

The next three pairs are all elongated and moderately stout. In the

second pair (fig. 17) the inner branches, which are somewhat shorter than

the outer, taper towards the distal end, as shown in the drawing, the first

joint being more dilated than the second, and the second than the last

;

each of the three joints is furnished with a slender seta on its inner

margin. The outer branches are slender, and the exterior marginal

spines are elongated ; the second joint is also provided with one, and the

third with two slender setae on the inner edge.

In the fourth pair the inner branches are also, as in the second pair,

shorter than the second branches, but they are scarcely so stout as those

of that pair; moreover, the first and second joints are each furnished with

a seta on the inner margin, while the third bears two setse. The outer

branches do not difi'er much from the same branches in the second pair

(fig. 18).

In the fifth pair the inner produced portion of the basal joint bears four

slender setae on its broadly rounded apex, the second one from the inside

being much longer than the others. The secondary joints are sub-

cylindrical in general form, but with the ends rounded
;
they are each

about twice as long as broad and carry five setse round the outer margin

and apex, but the two innermost are considerably longer than the others

(fig. 19).

Habitat.—Ofi* Musselburgh, Firth of Forth
;
apparently rare.

Remarks.—This is one of those troublesome forms which, while

dififering in one or other of its structural details from any of the described

species I am acquainted with, yet exhibits no single character prominently

distinctive, such as we have in Ameira longicaudata, T. Scott. The
following three characters, however, taken in combination will, I think,

enable this species to be distinguished—(1) the structure of the somewhat
slender antennules, (2; the comparatively long first joint of the inner

branches of the first thoracic legs, along with the short second and third

joints, and (3) the form and armature of the fifth pair in the female. The
male has not been observed.
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Genus Delavalici, G. S. Brady.

Delavalia minutissima, T. Scott, sp. nov. PI. iv., figs. 3-10.

Description of the Female.—The female of this species resembles the

type-form of the genus in its general outline, and also generally in its

structural details, but it is the smallest of any species that has yet been
described, being scarcely '4 mm. (about of an inch).

The antennules appear to consist of seven joints ; the end joint is

about twice as long as the penultimate one, but the others are sub-equal

in length, and, as usual, become gradually stouter towards the proximal

end (fig. 4).

The antennae and mouth organs, being so small, were difficult to get

hold of, and are not figured, but so far as they could be made out they

resembled very closely those of Delavalia cemula (T. Scott).

The first pair of thoracic feet resemble in some measure the first

pair in Delavalia robusta, Brady and Robertson, and of D. reflexa

of the same authors, but the principal terminal spine of the inner

branches is distinctly dilferent, and the spine on the inner distal

angle of the second basal joint is remarkably elongated, as shown by the

figure (fig. 5).

The next three pairs (figs. 6 to 8) resemble those of Delavalia oemula,

but are more slender and moderately elongated, and while in the second

and third pairs the outer and inner branches are of nearly equal length,

the outer branches of the fourth pair are considerably longer than the

inner, as shown by figure 8.

The fifth pair, though small, are, in their general character, similar to

those of the group to which the species belongs. The basal joint is fur-

nished with four setae on the broadly truncate apex ; a short and a long

seta near its inner aspect and a pair somewhat similar towards its exterior

aspect, with a distinct space between the two pairs ; the secondary joints

are each armed with four setae on the broadened, truncated end, the two
middle setae being much smaller than the others, as shown by the drawing

(fig- 9)-

The caudal segments are proportionally more elongated and slender

than those of any other of the described species of the genus; these

segments, besides being very narrow, are at least equal to the entire

length of the last two segments of the abdomen (fig. 10).

Eahitat.—Moray Firth
;

apparently rare. No males have been

observed.

Remarks.—What first attracted my attention towards this species was
its small size and the remarkable length of the fureal joints. It is the

smallest species of the group that I have yet observed, and though

apparently rare, that may be partly accounted for by its being so easily

overlooked. The specimen from which the figures have been prepared

was obtained in a gathering of dredged material collected in the Moray
Firth several years ago, but the description of it was delayed in the hope

that other specimens might turn up, which would have enabled me to present

a more complete series of detail drawings, but this hope has not yet been

realised. The description and figures given here are, however, along with

the small size of the copepod, sufficient to distinguish it from those

already described, indeed, its extremely long fureal joints would alone

mark it out as different, and these taken along with the peculiar armature

of the inner branches of the first thoracic feet, and also of the fifth pair,

give to the species a character distinct from other Delavalias.
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Canthocamptus.

Ganthocamptus inconspicuus^ T. Scott.

1900. Canthocamptus inconspicuus, T. Scott, 18th Ann. Kept.

Fishery Board for Scotland, pt. iii., p. 390, pi. xiv., figs. 1-8.

This small Harpactid was obtained in a gathering of Entomostraca
collected off Musselburgh in 1894, but only recently examined: this is

the first time it has been obtained in the Firth of Forth, and it has only

previously been recorded from the Moray Firth. Canthocamptus iricon-

spicuus somewhat resembles G. parvus, T. and A. Scott; in general

appearance, and like that species it has antennules composed of six joints
;

but it difi'ers in several particulars, and one of the more obvious differences

is the longer furcal joints, and by this character alone it can be

disting|iished from E. parvus.

Canthocamptus parvus, T. and A. Scott.

1896. Canthocamptus parvus, T. and A. Scott, Ann. Nat. Hist.

(6), vol. xviii., p. 6, pi. ii., figs. 14-22.

This species has recently been obtained in several gatherings, one of

which consisted of small Crustacea collected in the pond at the Sea-fish

Hatchery, Bay of Mgg, June 25, 1902. Like the Canthocamptus

previously mentioned, this one usually occurs very sparingly in any single

gathering, but it has apparently a wider distribution, and has been
observed not only at difi'erent times in the Firth of Forth, where it was
first discovered, but also in the Moray Firth and in the Firth of Clyde.

In this species the furcal joints are very short, and it thus differs from C.

inconspicuus. C. parvus is usually found near the shore about the roots

of algae, and especially where there is a muddy bottom.

Genus Neohradya, T. Scott.

Neohradya pectinifer, T. Scott.

1892. Neohradya pectinifer, T. Scott, 10th Ann. Kept. Fishery

Board for Scotland, pt. iii., p. 249, pi. xiii., figs. 19-32.

A single specimen of this rare species occurred in a gathering of small

Crustacea collected at the north end of Inchkeith, on November i5th,

1889, but not examined till October, 1902. The species was first

observed among some dredged materials collected off St. Monans, and it

was afterwards obtained in the Firth of Clyde,* but though its distribution

appears to be somewhat extensive, I have only rarely observed it.

Genus Tetragoniceps, G. S. Brady.

Tetragoniceps pygmcBus, T. Scott, sp. nov. PL iv., figs. 11-19.

Some time ago, when re-examining a gathering of small Entomostraca

collected near Musselburgh in 1894, I observed odd specimens of a slender

copepod very like Tetragoniceps incertus, T. Scott—a species described in

the Tenth Annual Report of the Fishery Board for Scotland—but rather

smaller than that form, and the fact that one or two of them were pro-

vided with ovisacs showed that their smaller size could not be ascribed to

immaturity, but on account of their likeness to the species named they

* Brit. Assoc. Handbook on the Natural History of Glasgow and the West of

Scotland (1901), p. 353.
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liad probably on previous examinations been passed over as being merely a

form of it. Recently, however, a more careful scrutiny of these smaller

forms has revealed certain structural ditferences which render their removal
from that species necessary, and as this form is distinctly smaller than the

other^ I propose to call the new species Tetragoniceps pygmoius, and the

following is a description of it :

—

Description of the Female.—The female closely resembles the female of

Tetragoniceps incei'tus but is distinctly smaller, measuring only a little

over -5 mm. (about of an inch). {Tetragoniceps incertus is about one

millimetre in length). The body is very slender, with a small but
distinct rostrum (fig. 1 1).

Antennules almost similar to those of Tetragoniceps incertus, differing

only to a small degree in the proportional lengths of the different joints

(fig. 12). The antennae and mouth organs are also very similar.

The first four pairs of thoracic feet are also very similar to the same
appendages in Tetragoniceps incertus, but the first pair are rather more
slender, especially the inner branches, while the seta on the inner margin
of the first joint appears to be situated nearer the middle of it, the outer

branches appear also to be proportionally rather longer (fig. 14).

The fifth pair (fig. 16) are not only smaller, but differ in form and
armature

; they are more bluntly rounded at the apex, and instead of

terminating in a single stout apical spine as in the species referred to, there

is at the base of the larger spine another one, small but distinct ; the

arrangement of the supplementaiy setae is also different in the two species,

as shown by the drawings.

The fureal joints, which are somewhat dilated in the middle, taper

towards the distal end ; the principal apical seta of each fureal joint is

moderately short, and the outer portion of it terminates somewhat
abruptly, but is continued by a slender portion which forms a peculiar

loop where the two portions join, as indicated by the figure ; this

peculiarity is not found in Tetragoniceps iiicertus (fig. 19).

The male resembles the female, except in the following particulars. The
antennules (fig. 13) are modified for grasping, they differ slightly from
the male antennules in Tetragoniceps incertus.

The inner branches of the third pair of thoracic feet (fig. 15) are small

and three-jointed ; the first and second joints are very short, but the inner

part of the second is produced into a long bent spiniform process which
extends considerably beyond the extremity of the branch ; the last joint

is also small and bears a minute terminal spine. In Tetragoniceps incertus

this branch has a long straight process arising from its inner basal aspect

and is furnished wdth two terminal setae.

The fifth pair are smaller than those of the female, they also differ in

their armature as shown by the drawing (fig. 17). The supplementary

foot on the first abdominal segment is furnished with three set£e (fig. 18).

Remarks.—This form, though perhaps it does come somewhat near to

Tetragoniceps incertus, is not difficult to distinguish from that species,

even without dissection, by its smaller size and by the difference in the

character of the fifth feet and the furcal joints, and these differences are

of course more easily observed when one has both forms under observation.

Genus Laophonte, Philippi (1840).

LaopJionte gracilis, T. Scott, sp. nov. PL vi., figs. 6-12.

Description of the Female.—The body is slender and sub-cylindrical,

and appears to be covered with exceedingly minute hairs. It has a small

blunt rostrum, and the furcal joints are scarcely so long as the last
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abdominal segment (fig. 6). Length about "67 mm. (about ^^g^ of an

inch). The antennules (fig. 7) are short and composed of seven joints

;

the first three joints are moderately large, but the others are small.

The antennae and mouth organs are not unlike those of Laophonte

intermedia, except that the second maxillipeds are long and narrow, and
the terminal claw very slender and elongated (fig. 8).

The first pair of thoracic feet are slender, and the first joint of the inner

two-jointed branches is elongated and narrow, but the second joint is

short and armed with a moderately stout terminal claw ; the inner

branches are three-jointed, and just about half as long as the first joint

of the inner branches (fig. 9).

The second, third, and fourth pairs, which are somewhat similar to each

other in structure, are also slender. The fourth pair is represented by the

drawing (fig. 10). In this the outer branches are of moderate length, and
composed of three sub-equal joints, but the inner branches are short aud
two-jointed, the first joint being a small one.

The fifth pair (fig. 11) are comparatively large and foliaceous, and have

a general resemblance to those of Laophonte similis ; the basal joint,

which is sub-triangular in outline, is produced interiorly so that its apex

reaches to about the middle of the secondary joint ; there are three stout

setae on the inner margin of the basal joint and two smaller apical setae.

The secondary branch is sub-ovate, somewhat longer than broad, and pro-

vided with about five setae on the lower half of the outer margin and
apex, the second seta from the inside is of moderate length, but the

others are short. One ovisac with several small ova.

Habitat.—In an old quarry at Granton into which the tide ebbs and
flows. Rare. This is diff'erent from any species known to me.

The following other species of Laophonte were also found in the same
gathering with the species just described :

—

Laophonte littorale, T. Scott.

Laophonte intermedia, T. Scott.

Laophonte hispida (Brady and Robertson).

Laophonte thoracica, Boeck.

Laophonte inopinata, T. Scott.

Laophonte curticauda, Boeck.

Laophonte lamellifera (Glaus).

1863. Cleta lamellifera. Die frei-lebenden Copepoden, p. 123,

t. XV., figs. 21-25.

This fine species occurred sparingly in a gathering of copepods washed
from some dredgings collected in shallow water off Musselburgh, Firth of

Forth. In the same gathering, as well as in another from near the same
place, collected by means of a hand-net, between tide marks, another

Laophonte, L. interinedia, T. Scott,* was much more frequent, and as it

somewhat resembles L. lamellifera might be mistaken for it, but
L. intermedia has shorter fureal joints, and the outer branches and
second basal joint of the first pair of thoracic feot have a dense covering

of minute hairs, which may frequently be seen without dissection.

Laophonte denticornis, T. Scott.

1894. 12th Ann. Rept. Fishery Board for Scotland, pt. iii., p. 246,
pi. vii., figs. 13-23.

One or two specimens of this species were found in the same gathering

* Thirteenth Annual Report of the Fishen/ Board for Scotland, Part III., p. 168 .

figs 10-20 (1894).
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with the last ; it is a rare form, and has not hitherto been observed on the

south side of the Forth. Laoplwnte denticornis differs from L. serrata,

Claiis, in having the outer branches of the first thoracic feet three-

jointed, and in the different form of the fifth feet in both the male and
female ; the female also wants the posterior dorsal spine which is

characteristic of the female of L. serrata. Laophonte hispida and
thoracica were also obtained in this Musselburgh gathering.

Genus Laophontodes, T. Scott (1894).

Laophontodes typicus, T. Scott.

1891. Laophontodes typicus, T. Scott. 12th Ann. Kept. Fishery

Board for Scotland, pt. iii., p. 249, pi. viii., figs. 2-8.

This species, which is not difficult to identify, even without dissection,

by the peculiar form of the fifth thoracic feet in the female, was
moderately frequent in the gathering from the old quarry at Granton in

which Stephos scotti was obtained.

Genus Gletodes, G. S. Brady (1872).

Cletodes neglecta, T. Scott, sp. nov. PI. iv., figs. 20-31.

Description of the Female.—Body elongated, narrow, cylindrical ; all

the segments distinct except the first and second of the abdomen, which

are slightly coalescent. The first three segments of the abdomen have

their lateral angles produced into small spiniform processes. Eostrum
short and broadly triangular. Caudal joints narrow and elongated and
equal to nearly one and a half times the length of the last abdominal

segment (fig. 20).

The antennules are short and stout and composed of five (or six) joints
;

the end joint is narrower and rather longer than the others, while the

penultimate one is very small ; the last four joints are also all setiferous,

as shown by the drawing (fig. 21).

Antennae two-jointed and of moderate length; the end joint is pro-

vided with spiniform, marginal and terminal, setae ; a few of the terminal

setae are elongated, but the others are moderately short. The secondary

branches of the antennae are rudimentary, and are represented by a single

short hair as in Cletodes Umicola, G. S. Brady (fig. 23).

The mandibles are stout, elongated, sub-cylindrical, and armed with a

few stout apical teeth. The palp is composed of a single one-jointed

branch, and is provided with several plumose setae (fig. 24).

The second maxillipeds are composed of two moderately slender joints,

and the terminal claw is also slender and elongated (fig. 25).

The first pair of thoracic feet (fig. 26) resemble in their structure and
armature the first pair in Cletodes Umicola ; both branches are short, but

the three-jointed outer branches are rather longer than the two-jointed

inner ones. In the inner branches the end joint is narrower and about

one and a half times longer than the other. Moreover, the seta on the

outer angle as well as the one on the inner angle of the second basal joint

are both elongated, the inner one being also plumose. In the second pair

(fig. 27) the outer branches are elongated and slender, but the inner two-

jointed branches are short; the second joint of the inner branches is

narrow, and fully twice as long as the first joint ; two very long hairs

spring from its truncate apex, but otherwise it is unarmed ; the outer

branches are provided with long slender spines on the exterior distal

angles of all the three joints ; there is also a single slender seta on the
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lower half of the inner margin of the middle joint. The third pair

(fig. 28) are somewhat similar to the second, except that they are rather

more slender, and that the second joint of the inner branches bears a

small spine on the distal end of its outer margin in addition to the two
long terminal setse. The fourth pair, on the other hand, scarcely differ

from the third except that the outer branches are rather more elongated

(fig. 29).

The fifth pair resemble very closely the fifth pair of the female in Cletodes

limicola, so much so that, with the exception of the basal joint being

rather more produced, the general configuration and armature of this pair

are in the two species almost identical (fig. 30).

The male is very similar to the female. The antennules of the male

have, as usual, a modified structure (fig 22), and the fifth pair of thoracic

feet are very small (fig. 31). In the fifth pair of feet the basal joint is

nearly rudimentary, and the secondary joint, which is of a narrow cylin-

drical form, is provided with only two apical setse, as shown by the

drawing.

Habitat.—Moray Firth
;
moderately rare.

Remarks.—The form just described has been known to me for a con-

siderable time, but has been left over from year to year, as I was in doubt

whether the difi'erences observed were of any real value. As, however, I

have not been able to find any described species to which this form could

be assigned, I have described it here under a distinct name.

This form belongs to a group of Cletodes which are all closely related to

each other, and exhibit this relationship by the similarity in the structure

of the antennules and of the first pair of thoracic feet, but especially in

the structure and armature of the female fifth pair; and perhaps the most

typical species of the group is the Cletodes limicola of G. S. Brady. In

this group the antennules are usually composed of five joints, the penulti-

mate one being very small ; in the first pair of thoracic feet both branches

are short, but the inner rather shorter than the outer ; the second joint of

the inner branches is also distinctly narrower and considerably longer than

the first joint. In the fifth pair the basal joint is small, and only slightly

produced interiorly—sometimes not at all—and provided with few,

usually two or three, setae. The secondary joints, on the other hand, are

elongated and narrow and usually furnished with five setae—two at the

apex, one on the lower part of the inner margin, and two widely separated

on the outer margin. The form just described, while agreeing in some of

its structural details with several members of this group, differs in one

point or another from them all, so far as they are at present known
to me.

Cletodes propinqua, Brady and Robertson.

1875. Cletodes propimjua, B. andR., Brit. Assoc. Report, p. 196.

This curious little Harpactid occurred very sparingly in the same
Musselburgh gathering with the Laopliontodes just referred to. Its

bathymetrical distribution appears to extend from the littoral zone down
to moderately deep water. The furcal joints are short and pyriform, and
seem to be characteristic of the species. One or two other species of

Cletodes, including C. limicola, G. S. Brady,* and C. lata, T. Scott,t were
also obtained in the same gathering.

* Nat. Hist. Trans. Northumh. and Durham, vol. iv., p. 438, pi. xxi., figs. 10-17 (1872).

t Tenth Annual Report of the Fishery Board for Scotland, Part III., p. 257, pi. x.,

figs. 10-18 (1892).
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Genus Enhijdrosoma, Boeck (1872).

Enhydrosoma gracile, T. Scott, sp. n. PI. ii., figs. 16-26; pi. iii., fig. 1.

Description of the Female. — Body slender, cylindrical, slightly

encurved, but otherwise similar to E. curvatum, Brady and Robertson
(fig. 16). Length of specimen represented by the drawing about '45 mm.
(J- of an inch).

Antennules very short, moderately stout, and sparingly setiferous
;
they

are composed of four joints, the first three being sub-equal in length, but
the last is considerably smaller than any of the others (fig. 17). The
formula shows approximately the proportional lengths of the various

joints :

—

1 • 2 • 3 • 4

22 • 18 • 19 • 11

The antennjB (fig. 18) appear to be somewhat like those of E. curvatum.

The mandibles (fig. 19) are also similar to those of the same species.

The second maxillipeds (fig. 20) have basal joint short, but the pre-

ceding one is elongated, and the terminal claw is slender and moderately

short.

The first thoracic feet are somewhat like those of 0. curvatum ; the

inner branches are short and two-jointed, the second joint being only

slightly longer than the first, and their extremities, which do not reach to

the end of the second joint of the outer branches, bear two elongated

slender setse feathered at the end ; the outer branches are three-jointed
;

the first joint is fully as long as the entire length of the next two, but the

end joint is shorter than the second one ; each of the three joints is

furnished with a moderately long and very slender seta on its outer aspect,

while the end one also carries two elongated terminal setae similar to those

on the inner branches (fig. 21).

The second, third, and fourth pairs (figs. 22 and 23), which appear to

differ little from each other, have the inner branches very short and com-

posed of two joints, the first being very small, while the end joint is

furnished with a few terminal setae as shown by the figures ; the outer

branches are three- jointed and of moderate length and stoutness, the

middle joint is slightly shorter than the first or third.

The fifth pair are broadly foliaceous, distinctly two-branched, and both

branches are broadly sub-truncate at the end and provided with five mode-

rately stout and elongated setae, the lengths of which vary to some extent

as shown in the drawings ; a single seta springs from a small lobe near

the outer distal angle of the outer branch (fig. 24).

The furcal branches are very short (fig. 26).

The ovisac is small and contains very few ova.

The male appears to differ little from the female except in the structure

of the antennules (pi. ii., fig. 1), and also to some extent in the form of

the fifth feet. The fifth pair in the male consists of a rectangular plate

about half as long as broad, and obscurely divided into two portions ; the

inner portion is furnished with two moderately elongated setse on the

lower edge, while the outer portion bears three or four setse as shown by
the drawing ( pi. i., fig. 25).

Habitat.—Shore at Musselburgh, Firth of Forth
;
moderately rare.

Remarks.—This species occurred with a number of other curious forms

in a gathering collected in 1894. Several other new species were obtained

m this gathering, but some of these have already been described.* This

* See Thirteenth Annual Report of the Fishery Board for Scotland, Part III., p. 167,

et seq. ; Ann. and Mag. Nat. Hist. (6), vol. xv., pp. 52-53 ; Ann. Scot. Nat. Hist.,

January, 1895.
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Enhydrosoma is a smaller and more slender form than E. curvatum ; the

female antennules are apparently only four- instead of five- jointed,

the third and fourth joints in E. curvatum being in this species completely

coalescent. The first pair of thoracic feet are also somewhat different in

the two species, but a greater diff'erence. is observed in the structure of

the female fifth pair ; in E. curvatum there is a distinct though small

secondary branch, but in the present species the branches, which are

sub-equal, do not appear to be distinctly separated.

Enhydrosoma minutum, T. Scott, sp. nov. PI. iii.,fig. 25
;
pi. vi., figs. 1-5,

Description of the Female.—This is a small but moderately stout

species as shown by the drawing (fig. 1, pi. vi.). Its entire length,

exclusive of antennules and tail set«, scarcely reaches to -4 m.m. (about

^ of an inch).

The antennules (fig. 2, pi. vi.) are composed of five joints, but the

fourth is very small ; the armature consists of a number of moderately

stout setae, a few of them being plumose, and the end joint carries a stout

terminal spine as shown by the figure.

The mouth organs resemble generally those of E. gracile, but the

second maxillipeds are comparatively rather stouter (fig. 3, pi. vi.).

The first pair of thoracic feet, which appeared to be somewhat similar

in structure to the first pair in E. gracile, were accidentally damaged, so

that a correct drawing of them could not be prepared.

The second, third, and fourth pairs are all somewhat alike in structure

(pi. iii., fig. 25
;

pi. vi.. fig. 4), and their outer branches do not differ

greatly from the outer branches of the feet similar to them in E. curvatum,

but the inner branches are very small, they each consist of two joints, the

first joint being much shorter than the other, while the end joint tapers

towards the distal end, and carries a single elongated terminal seta,.

The fifth pair (fig. 5, pi. vi.) are broadly foliaceous and resemble those

of E. gracile ; but the secondary branches are more distinctly articulated

to the basal joints, and the setae of the two joints appear to be stouter.

The fureal joints are extremely short. The female appears to carry one

ovisac with several moderately large ova.

Habitat.—Aberdeen Bay, Station V., l!^ov. 12, 1901. One specimen
only.

Remarks. -Enhydrosoma minutum diff'ers from the species already

described by the difference in the structure of the antennules, and by the

form and armature of the inner branches of the second, third, and fourth

pairs of feet. No male specimen has been observed.

Enhydrosoma curvatum (Brady and Robertson).

1875. Rhizothrix curvata, B. and R., Brit. Assoc. Rept., p. 197.

1880. Enhydrosoma curvatum, Brady, Mon. Brit. Copepoda, vol.

ii., p. 98, pi. Ixxxi., figs. 12-15; pi. Ixxxii., figs. 11-19.

This also occurred in the gathering from the old quarry near Granton

;

it is quite distinct from the two species, E. gracile and E. minutum,
just described ; the difference in the structure of the fifth thoracic feel

would alone be sufficient to separate them ; it is, moreover, a somewhat
larger species. There is a previous record of this species from the Forth
district, but from a different part of the estuary,* as well as from other

places around the Scottish coasts.

* Eighth Annual Report of the Fishery Board for Scotland, Part III., p. 319 (1890).
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Genus Nannoput^, Brady (1880).

Nannopus palustris, Brady.

1880. Nannopus palustris^ Brady, Mon. Brit. Copepoda, vol ii.,

p. 100, pi. Ixxvii., %s. 18-20.

1902. Nannopus palustris, T. Scott, 20th Ann. Kept. Fishery

Board for Scotland, pt. iii., p. 466, pi. xxiii., figs. 13-25.

This somewhat rare species was observed very sparingly in the gathering
from the old quarry near Granton in which several other interesting

forms have been obtained, and it also occurred in a hand-net gathering

of small Crustacea collected between tide marks at Musselburgh.

Nannopus palustris appears to be a true littoral or brackish-water species,

and is rarely met with in deep water off shore. Another species with a

somewhat similar habitat \>o Nannopus, viz. PalatijcTielipus littoralis, G. S.

Brady, was also obtained in the vicinity of Musselburgh, where it was
observed in 1892,* and was then new to the Scottish coasts. It is now
ascertained that the species has a wide distribution, but it does not appear

to be anywhere very common.

Genus Badylopus, Glaus (1863).

Dactylopus littoralis, T. Scott, sp. nov. PI. iii., figs. 2-8.

Description of the Female.—Body moderately slender, rostrum short

(fig- 2).

Antennules (fig. 3) short and composed of eight joints, the third is

shorter than the one which precedes or follows, the fifth and seventh

joints are small, while the last is about as long as the combined lengths

of the sixth and seventh. The proportional lengths of the various joints

are shown approximately by the formula :

—

8 • 11 • 9 • 11 • 4 • 6 • 4 • 9

1- 2"3 - 4-5-6-7-8
The second maxillipeds are stout with a moderately stout terminal

claw, a somewhat long spine-like seta springs from the inner aspect and
near the distal end of the second joint, but, with the exception of another

small hair, this joint appears to be devoid of armature of any kind. The
first joint is provided with two or three small spine-like hairs at the distal

end, while the end joint is almost as narrow as the base of the terminal

claw (fig. 4).

The first pair of thoracic feet are moderately short and stout, the first

joint of the inner branches is somewhat longer than the outer branches,

but the last two joints are small, and the end one is armed with two
terminal spines, one being short and stout, the other longer and setiform;

the outer are composed of three sub-equal joints similar to those of the

species previously described (fig. 5).

The second, third, and fourth pairs are moderately elongated, but the

fourth is rather longer than the others ; both branches are three-jointed,

and the inner branches are shorter than the outer ones ; the marginal

spines of the outer branch are moderately long and slender, and the setae

on both branches elongated and plumose (fig. 6 represents the fourth

pair).

The fifth pair are moderately broad and foliaceous, especially the outer

* Tenth Annual Report of the Fishery Boardfor Scotland, Part III., p. 205, pi. v.,

figs. 11-13 (1893).
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or secondary joints ; these joints, which are of an ovate form and about

one and a half times as long as broad, bear five setse round the lower

outer margin and end, the middle one being rather longer than the others

;

the produced inner portion of the basal joints, which scarcely reach to the

end of the outer secondary ones, have the. sides slightly rounded and taper

to the narrowly-rounded apex
;
they are each furnished with five setse

—

three on the lower inner margin and two close together at the apex, as

shown by the following drawing (fig. 7),

The fureal joints are shorter than the last abdominal segment
;
they

each appear to be abruptly truncate, and their principal sette are elongated

and slender (fig. 8).

Habitat.—In a shore gathering collected at Musselburgh, Firth of

Forth, in 1894 ; rather rare.

Kemarks.—The copepod described above has as great resemblance to

Stenhelia as to Dactylopus in its general appearance and in some of its

structural details, as, for example, in the structure of the first thoracic

feet, but in the structure of the antennules, mandibles, and fifth thoracic feet

its relationship appears to be closer to Dactylopus ; it differs from
described species in structure of the antennules, in the comparatively stout

form of the first thoracic feet, and in the form and armature of the fifth

pair. It appears to be a littoral species, as I have only observed it in

inshore gatherings.

Dactylopus vararensis, T. Scott, sp. nov. PI. iii., figs. 17-24.

Description of the Female.—Body moderately stout, length about
*75 mm. (about of an inch).

Eostrum prominent, slightly incurved (fig. 17).

Antennules short, eight-jointed, the first four and last joints sub-equal

in length, the other three short ; the first four joints are also considerably

stouter than the last four (fig. 18) ; the formula shows approximately the

proportional lengths of the joints :

—

23 • 22 • 29 • 18 • 6 • 10 • 7 • 20

2~^ 3~^ 4 • 5 • 6 • 7 • 8

The secondary branches of the antennae are composed of three joints,

but the middle ooe is small.

The mandibles are stout and sub-cylindrical, and the biting part is some-

what oblique and armed with about three strong and several small

spiniform teeth ; the basal joint of the palp is somewhat dilated, and
carries two branches, the proximal one being considerably smaller than the

other, as shown in the drawing (fig. 19).

The second maxillipeds have the penultimate joint moderately elongated

and narrow, with a fringe of small setse on the inner aspect of its proximal

half ; the end joint is scarcely broader than the base of the terminal claw,

which is moderately long and slender, and incurved toward the extremity

(fig. 20).

In the first pair of thoracic feet, the outer branches, which are com-
posed of three sub-equal joints, are rather longer than the first joint of the

inner branches ; the first two joints are armed with moderately strong

spines on the outer distal angles, while the end joint bears, at the apex,

two slender spines and two setse ; the first joint of the outer branches is

moderately stout, but scarcely twice as long as the combined lengths of

the outer two, which are small, narrow, and sub-equal : the inner branches
are armed with a stout terminal claw and two setae ; the first and second
joints are also each provided with a seta near the distal end of the inner
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margin (fig. 21). The second, third, and fourth pair are somewhat similar

to those of the species previously described (fig. 22 represents the fourth

pair).

The fifth pair are small and foliaceous, the produced inner portion of

the basal joint reaches to about the end of the secondary joints and bears

five seta3 on its broadly rounded end ; the two outermost setse are, like

the next two, situated near to each other, but there is a comparatively

wide space between each pair, the innermost seta is smaller and spini-

form ; the outer secondary joints are broadly ovate, being onl}^ a little

longer than broad, and are each provided with five spines, the middle one

of which appears to be more slender than the others, as shown by the

drawing (fig. 23).

The fureal joints are very small, being almost rudimentary, while the

principal tail setae are short and stout (fig. 24).

Habitat.—Moray Firth, Station IV., collected 1898
;
apparently rare.

Remarks.—This species is readily distinguished by the peculiar structure

of the first thoracic feet, and the comparatively small fifth feet of the

female ; the fifth pair is not unlike the fifth pair of Dadylopus minutus,

Claus, but the first pair is very different. Dactijlopus vararensis was
obtained in a gathering of small Crustacea collected in the Moray Firth

in 1878, but as the form could not be recognised at the time it was put

aside for further study, and I am still unable to identify it with any

described species.

Dadylopus mixtus, T. Scott, sp. nov. PI. iii., figs. 9-16.

Description of the Female.—This form has a general resemblance to

both D. tenuiremis, G. S. Brady, and D. longirostris, Claus. The body

is moderately robust, and in specimens preserved in spirit the abdomen is

considerably reflexed ; there is a prominent rostrum, but the furcal joints

are very short (fig. 9). Length '6 mm. (about ^ of an inch).

The antennules (fig. 10) are moderately elongated and composed of

eight joints ; the second joint is the largest, the fourth and last are also

comparatively long, being about half as long again as the one immediately

preceding; the third, fifth, sixth, and seventh joints are small. The
antennules are thus somewhat like those of D. longirostris, Claus, in

structure, as shown by the drawing.

The antennse are provided with three-jointed secondary branches similar

to those of D. stromii, Baird.

The mandibles are well developed, the biting edge is armed with

several spine-like teeth, the two outer ones are stout, but the others are

slender ; the basal joint of the mandible palp moderately dilated, and

bears two small branches towards its distal end ; the inner branch is

somewhat smaller than the other and is apparently two-jointed ; the other

branch consists of a single joint (fig. 11),

First maxillipeds somewhat similar to those of D. stromii.

The second maxiUipeds are of moderate size (fig. 12); the terminal

claw springs from a narrow joint about half as long as itself ; the second

joint is furnished with several small spine-like setse on the inner margin,

and the first joint also carries one or two small hairs at its distal end

The inner branches of the first thoracic feet are elongated, the first

joint being longer than the entire outer branches ; the second joint is very

small, but the second and third together are about equal to half the

length of the first joint ; the first joint is fringed interiorly with minute

slender hairs, while a moderately long seta springs from its inner distal

angle, the proximal part of the outer margin is provided with a number

i
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of minute spines ; the second joint bears a feathered seta interiorly, and a

few small hairs on the exterior edge ; while the end joint, besides being

furnished with a few minute spines on the outer margin, bears also a short

but moderately stout terminal claw and two slender hairs --the one very

short and the other about twice the length of the claw. The outer

branches, which are shorter than the first joint of the inner ones, are com-
posed of three sub equal joints, the first and second are each armed with

a strong dagger-like spine on the outer distal angle, and the second bears

also a moderately long seta on its inner distal angle ; the end joint is

furnished with four spines on the outer margin and apex, but two of the

marginal spines are comparatively small, a slender and slightly bent seta

also springs from the inner apical angle, as shown in the drawing
(fig. 13).

The second, third, and fourth pairs have both branches three-jointed,

the inner being shorter than the elongated outer branches. The structure

and armature of the second and third pairs are not unlike those of the

same appendages in D. stromii. In the fourth pair the inner branches

scarcely reach beyond the end of the second joints of the outer branches,

the first and second joints are each provided with one seta near the distal

end of the inner margin, while the third joint bears two marginal and two
apical setae ; a small slender spine also springs from near the end of the

outer margin. In the second and third pairs of feet the second joint of

the inner branches is furnished with two setse on its inner aspect, while the

end joint of the second pair carries one marginal and two terminal set*,

and a small and slender terminal spine ; but the same joint of the third

pair has five marginal and apical setae in addition to the small apical

spine. The outer branches of the fourth pair do not differ much in

structure and armature from the outer branches of the second and third

pairs ; the first and second joints are each provided with a spine on the

outer and a plumose seta on the inner distal angles ; the third joint bears

two small spines on the outer margin and another on the outer angle of

the apex, besides setae on the inner margin and apex, as shown by the

drawing (fig. 14).

The fifth pair, which arc lamelliform, have the inner produced portion

of the basal joint broadly sub-cylindrical, with the apex obliquely truncate

and armed with five setae, the two inner setae are stout and spiniform,

but the other three are more slender ; the two outer setae are close

together, but the others are more widely separated ; the secondary joint is

also broadly sub-cylindrical, scarcely one and a half times longer than

broad and obliquely truncate at the end ; the three outermost are sub-

equal, moderately short and stout ; the next two are slender, one being

more elongated than the others, while the innermost seta springs from a

sub-marginal notch, as shown by the drawing (fig. 15).

The furcal joints are very short, and the principal tail setae are some-
what dilated at the base. This species carries two ovisacs, as shown
in the drawing (fig. 16).

Habitat.—Granton, Firth of Forth (1894). Fishery Board's Hatchery
at Bay of Nigg, Aberdeen, November 23rd, 1900.

Eemarks.—I was at first inclined to ascribe this form to Claus's

Dadylopus longirosh'is, but it differs rather markedly in the structure of

the fifth feet of the female. Dadylopus tenuiremis, G. S. Brady, also

resembles the form just described in its elongated antennules and in one

or two other minor details, but it distinctly differs in the proportional

lengths of the joints of the outer branches of the first feet and in form of

the fifth pair ; and I do not know of any other species with which it can

be Mentified.
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Dactylopus coronatus, T. Scott.

1894. Dadylopus coronatus, T. Scott. Twelfth Ann. Report
Fishery Board for Scotland, pt. iii., p. 255, pi. ix., figs.

12-20.

This Dadylopus was obtained very sparingly in material dredged in

shallow water off Musselburgh ; it has been already taken near the Bass
Rock and in Largo Bay, but is nowhere very common.

Dadylopus hrevicornis, Clans.

1866. Dadylopus hrevicornis, Claus, Die Copepoden fauna

von Nizza, p. 29, t. iii., figs. 20-25.

1880. Dadylopus hrevicornis, Brady. Brit. Copep., vol. ii.,

p. 118, pi. Ivii., figs. 10-12; Iviii., fig. U.

Several specimens of this small species were obtained in the old

quarry near Granton, Firth of Forth. It appears to be a littoral form,

but is found also in moderately deep water, and has been recorded from
several places round the Scottish coasts, but usually very sparingly.

Among other Dadylopus from the same gathering was the well-marked

D. jiavus, Claus, and one or two other common forms.

Dadylopus debilis, Giesb. PI. v., figs. 20-31.

1882. Dadylopus debilis, Giesb. Freileb. Copep. d. Kieler

Fohrde, p. 122, pi, i., figs. 7, 19 et. seq.

Description of the Female.—Body slender, and, in spirit specimens,

strongly reflexed (fig. 20). The length of the specimen represented by
the drawing is only slightly over half a millimetre (about of an inch).

The rostrum is moderately prominent, but the furcal joints are very short

(fig. 31).
.

The antennules are of moderate length and composed of eight joints,

the first four large but the others considerably smaller (fig. 21). The
proportional lengths of the various joints are shown approximately by the

annexed formula :

—

Proportional lengths of the joints, 18 • 17 • 13 • 18 • 6 • 8 ' 6 • 11

The numbers of the joints, - l-2-3-4-5-6-7'8

Antennse short, moderately stout, two-jointed, and furnished with a

three-jointed secondary branch (fig. 22).

Mandibles small, the biting edge armed with a number of small teeth

;

the basal joint of the palp is dilated and bears two small branches as

shown in the drawing (fig. 23).

The second maxillipeds are moderately slender, so also is the elongated

terminal claw with which they are armed (fig. 24).

The first pair of thoracic feet are somewhat similar to those of Dady-
lopus minutus, Claus ; the first joint of the inner branches is long and
slender, being about three times longer than the combined lengths of the

second and third joints, and it is furnished with a small seta near the

distal end of the inner margin ; the terminal claw of the inner branches is

moderately stout, and there are also two terminal set^e. The outer

branches, which are also slender, are rather shorter than the first joint of

the inner ones (fig. 25).

The next three pairs are also slender and resemble each other, except

in the following particulars :—In the second pair the inner branches are

slightly longer than the outer, and while the last joint of the inner

branches is provided with a seta on the inner margin, the end joint of the

outer branches has no seta similarly situated. In the third pair the inner
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and outer branches are about equal in length, and in this pair, while the

first and second joints of the inner branches are each provided with a

single seta on their inner margin, the third joint bears two setce. On the

other hand, the inner margins of only the second and third joints are each

provided with one seta (fig. 26). In the fourth pair the inner branches

are rather shorter than the outer, and the armature of the inner margins

of both branches resembles that of the third pair except that the last joint

of the inner branches is furnished with one instead of two setse on its

inner edge (fig. 27).

The fifth pair are moderately large and foliaceous ; the inner produced

portion of the basal joint is generally of a sub-cylindrical form, but the

distal end tapers to a blunt-pointed apex from which spring two setse of

moderate but unequal length ; the distal half of the inner margin carries

also two moderately stout spines, as well as an elongated seta, as shown
in the drawing (fig. 29). The secondary joint has a sub-ovate outline, and
its extremity extends somewhat beyond the end of the inner produced

portion of the basal joint ; it is nearly twice as long as broad and is fur-

nished with five setse which are arranged round the distal end of the joint

as shown by fig. 9 already referred to.

The male somewhat resembles the female, but there are the following

important differences in addition to the usual modification in the

antennules :—(1) The inner branches of the second pair of thoracic feet are

distinctly modified ; these branches in the male appear to be only two-

jointed, the first joint is moderately stout but short, the second extends

into a prolonged and stout tapering process which reaches considerably

beyond the ends of the outer branches ; the first joint also bea^rs one seta on
its inner edge, but the elongated second joint is furnished with two (fig. 28V
The fifth feet in the male are small ; the inner portion of the basal

joint is broadly cone-shaped and carries two apical setse ; the secondary

joint is moderately broad and of a somewhat ovate form, and is provided

with five setse, the two setse on the outer margin are short and spiniform,

the apical seta is elongated and slender, while the two on the inner edge

are moderately stout and appear to be plumose (fig. 30). There is also a
small trispinous appendage on the first segment of the abdomen.

Habitat.—Off Musselburgh, Firth of Eorth ; not common.
Remarks.—This small species seems to agree better with Dactylopus

minutus, Glaus, than with any other member of the genus, but it differs

distinctly from that species by the structure of the antennules and of the

fifth pair of feet in the female, and by the peculiar character of the second

pair of feet in the male.

Genus Thalestris, Glaus (1863).

Several species belonging to the genus Thalestris have been observed

in gatherings recently examined, and the following are now recorded for

the first time from the Firth of Forth.

Thalestris peltata^ Boeck.

1864. Anemophia pelfata, Boeck. Oversigt Norges Gopepoder,

p. 45.

1880. Thalestris peltata^ Brady, Brit. Copep., vol. ii., p. 138,

pi. liii., figs. 11-19.

1895. Thalestris peltata, T. and A. Scott, Ann. Nat. Hist. (6),

vol. xiv., p. 351, pi. XV., figs. 11-15.; pi. xvi., figs. 1-8.

The somewhat aberrant species of Thalestris was obtained off Mussel-
burgh in shallow water (3-4 fathoms). Thalestris peltata appears to be a

I
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moderately rare species, but it has so much the appearance of a

Scutellidium or a Zaus that it may have been frequently overlooked.

Thalestris vufocinda, Norm., and Thalestris clausii, JN'orm., were taken
in the same gathering with 2\ peltata.

Genus Westwoodia, Dana (1855).

WestwoocUa nobilis^ Baird.

1845. Arpacticus nobilis, Baird, Trans. Barw. Nat. Club, vol. ii.,

p. 155.

1880. Westwoodia nobilis^ Brady, British Copepoda, vol, ii.,

p. 141, pi. Ixiii., figs. 1-13.

This prettily-coloured Harpactid was observed in the same gathering

with the Thcdestris just mentioned. It seems to be a littoral form, and
its habitat here agrees with what is stated by Prof. G. S. Brady and Rev.

-A. M. Norman, but it has also been obtained in water of moderate depth,

as off Portincross, Firth of Clyde, where it occurred at depths ranging

from ten to thirty fathoms.*

LlCHOMOLGID^.

Genus ParanthessiuSj T. Scott, gen. nov.

Antennules short and seven-jointed. Antennae four-jointed, armed with
a stout terminal claw. Mandibles and maxillae somewhat like those of

Lichomolgus fucicolus. Anterior maxillipeds small, furnished with

strongly curved and elongated terminal claws. The first three pairs of

thoracic feet are similar to those of Licliomolgus, but in the fourth pair the

inner branches appear to be entirely wanting. Fifth pair rudimentary or

very small.

Paranthessius diobius, T. Scott, sp. nov. PI. vi., figs. 16-24.

A single male specimen of a somewhat curious Lichomolgus-like

copepod was obtained in some dredged material sent from the Clyde, and
collected on June 13, 1899. It has been left unrecorded hitherto in

expectation that other specimens, especially females, might be found, and
a more exact knowledge obtained of its structure and affinities. It differs

in several particulars from any described genus or species at present known
to me, and I therefore submit the following description of it under the

name of Paranthessius dubius.

The male in its general outline somewhat resembles Pseudopsyllus

elongatus, a copepod described in my paper in Part III. of the Twentieth

Annual Report. The body is elongated and narrow ; the cephalo-thorax

is composed of five segments, the first is rather broader than the others

and is considerably longer than the combined lengths of the remaining

four segments ; these four segments, which are sub-equal in length,

become gradually narrower, so that the last is narrower than the first

segment of the abdomen. The first abdominal segment is considerably

dilated, but the remaining segments are short and narrow ; the furcal

plates, which are moderately broad, are about as long as the last two segments

of the abdomen (fig. 16). The length of the specimen is fully 2 mm.
(about -^j of an inch).

The antennules (fig. 17) are short and moderately stout and composed

of seven joints, the second joint is the largest, the third and fourth are

* British Copepoda, vol. ii., p. 142 (]880).
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very small, but the remaining three are about equal in length and taper

slightly to the distal end. The antennules are also sparingly setiferous,

and carry several stout and elongated sensory filaments.

The antennae are composed of four joints, the first two are large and
somewhat dilated, but the third and fourth are narrow—the third being

also very short ; the end joint is furnished at the apex with a stout,

strongly-hooked claw and several spiniform setae (fig. 18).

The mandibles and maxillee resemble very closely the same appendages

in Lichomolgus fucicolus^ G. S. Brady. The mandible is small, with a

dilated base, and carries two stout, moderately long, and strongly curved

apical appendages and two small basal setae. The maxillae are small and
digitiform, and at the apex furnished with two slender spiniform setae

(fig. 19).

Second maxillipeds very small, and each armed with a stout, strongly-

curved, and moderately elongate terminal claw (fig. 20).

The first feet were damaged, and the inner branches are not figured.

The outer branches are three-jointed ; the first joint is short and bears a

sabre-like spine on the outer distal angle, but no setae on the inner

margin. The second joint, which is also short, carries a sabre-like spine

on the outer distal angle and a moderately long seta on the inner margin.

The third joint, which is longer and narrower than those preceding, is

furnished with three short sabre-like spines on the outer margin, and a

similar but rather longer one at the apex. There are also four moderately

long plumose setae on the inner margin (fig. 21).

The second pair have the outer branches very similar to those of the

first pair in structure and armature, except that the third joints have five

setae on the inner edge. The first and second joints of the inner branches

have no spines or setae on the outer margins, but the third joint is provided

with a short spine near the distal end of the outer edge, and with two that

are longer but of about equal length at the apex. The first joint has one
seta on the inner margin, the second two, and the third three. The end
joint is also considerably longer than the first or second (fig. 22).

In the third pair, the first and second joints of the outer branches are

similar in structure and armature to the same joints in the second pair
;

the third joints are armed with two sabre-like spines on the outer margin,

and with two similar terminal spines ; there is also a row of five plumose
setae on the inner margin. The inner branches are provided with one seta

on the inner edge of the first joint, and two on the inner edge of the

second and third joints. The third joint bears also three moderately long

sabre-like spines on its truncate apex, but there are no spines or setae on
the inner margins (fig. 23).

In the fourth pair, the inner branches seem to be entirely obsolete,

for on either foot there is no appearance of the endopodites having been
broken off.

The outer branches are normal and their armature is very similar to

that of the outer branches of the third pair (fig. 24).

The fifth pair are rudimentary, and consist each of a minute digitiform

process bearing two small hairs, as shown in fig. 16.

^sTo form that could be regarded as the female of this species has yet

been observed.
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DESCRIPTION OF THE PLATES.

PLATE II.

Stephos scotti, G. O. Sars. Diam.

Fig. 1. Female, side view . . . . . . x 70.

Fig. 2. Male, side view . . . . . . x 70.

Fig. 3. Fifth pair of feet, female . . . . . x 360.

Fig. 4. Fifth pair of feet, male . . . . . . x 158.

Parasteplios pallidum, G. O. Sars.

Fig. 5. Female, side view . . . . . . x 39^.

Fig. 6. Male, side view....... x 39^.

Fig. 7. Antennule, female . . . . . . x 70.

Fig. 8. Foot of second pair . . . . . , x 79.

Fig. 9. Fifth pair of feet, female . . . . . x 106.

Fig. 10. Fifth pair of feet, male . . . . . . x 79.

Pseudophcenna typica, G. 0. Sars.

Fig. 11. Male, side view . . . . . . . x 35.

Fig. 12. Male, dorsal view . . . . . . x 35.

Fig. 13. Antennule, male . . . . . . x 70.

Fig. 14. Fifth pair of feet . . . . . . x 154.

Fig. 15. Extremity of left foot, greatly magnified.

Enhydrosoma yracile, T. Scott, sp. nov.

Fig. 16. Female, side view . . . . . . x 158.

Fig. 17. Antennule ....... x 360.

Fig. 18. Antenna........ x 360.

Fig. 19. Mandible and palp ...... x 540.

Fig. 20. Second maxilliped . . . . . . x 540.

Fig. 21. Foot of first pair ...... x 540.

Fig. 22. Foot of second pair . . . . . . x 540.

Fig. 23. Foot of fourth pair ...... x 540.

Fig. 24. Foot of fifth pair, female ..... x 720.

Fig. 25. Foot of fifth pair, male. . . . . . x 720.

Fig. 26. Furcal joints and last two segments of abdomen . . x 270.

PLATE III.

Enhydrosoma gracile, T. Scott, sp. nov.

Fig. 1. Antennule, male . . . . . . x 360.

Dactylopus littoralis, T. Scott, sp. nov.

Fig. 2. Female, side view . . . . . . x 70.

Fig. 3. Antennule ....... x 360.

Fig. 4. Second maxilliped . . . . . . x 720.

Fig. 5. Foot of first pair ...... x 360.

Fig. 6. Foot of fourth pair . . . . . . x 360.

Fig. 7. Foot of fifth pair ...... x 540.

Fig. 8. Furcal joints and last two segments of abdomen . . x 240.
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Dactylopus mixtus, T. Scott, sp. nov. Diam.

Fig. 9. Female, side view . . . . • .
x 52.

Fig. 10. Antennule . . . . • • x 270.

Fig. 11. Mandible and palp ...... x 360.

Fig. 12. Second raaxilliped . . ' . . • •
x 180.

Fig. 13. Foot of first pair . ...... x 240.

Fig. 14. Foot of fourth pair ...... x 180.

Fig. 15. Foot of fifth pair ...... x 270.

Fig. 16, Furcal joints and last two segments of abdomen . .
x 133.

Dactylopus vararensis, T. Scott, sp. nov.

Fig. 17. Female, side view . . . . « .
x 79.

Fig. 18. Antennule ....... x 540.

Fig. 19. Mandible and palp ...... x 720.

Fig. 20. Second maxilliped ...... x 720.

Fig. 21. Foot of first pair . . . . • . x 360.

Fig. 22. Foot of fourth pair ...... x 270.

Fig. 23. Foot of fifth pair ...... x 270.

Fig. 24. Furcal joints and last two segments of abdomen . . x 105.

Enhydrosoma minutiim, T. Scott, sp. nov.

Fig. 25. Foot of second pair, female . . . . . x 540.

PLATE IV.

Ectinosoma curticorne, Boeck.

Fig. I. Furcal joints and last two segments of abdomen . . x 270.

»

Dactylopus mixtus^ T. Scott, sp. nov.

Fig. 2. Antenna 270.

Delavalia minutissima, T. Scott, sp. nov.

Fig. 3. Female, lateral view
Fig. 4. Antennule
Fig. 5. Foot of first pair

Fig. 6, Foot of second pair

Fig. 7. Foot of third pair

Fig. 8. Foot of fourth pair

Fig. 9. Foot of fifth pair

Fig. 10. Furcal joints and last two segments of abdomen

X 158.

x 540.

X ''2".

X 54o!
X 540.
X 540.

X 540.

X 270.

Tetragoniceps pygmctius, T. Scott, sp. nov.

Fig. 11. Female, lateral view
Fig. 12. Antennule
Fig. 13. Antennule, male .

Fig. 14. Foot of first pair

Fig. 15. Foot of third pair, male .

Fig. 16. Foot of fifth pair, female

Fig. 17. Foot of fifth pair, male .

Fig. 18. Appendage to first abdominal segment
Fig. 19. Furcal joints and last two segments of abdomen

X 150.

X 270.

X 160.

X 540.
X 540.

X 540.

X 540.

X 540,

A 270.
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Cletodes neglecta^ T. Scott, sp. nov. Diam.

Fig. 20. Female, dorsal view . . . . . . x 79.

Fig. 21. Antennule . . . . . . . x 360.
Fig. 22. Antennule, male....... x 270.
Fig. 23. Antenna........ x 540.
Fig. 24. Mandible and palp . . . . . . x 540.
Fig. 25. Second maxilliped . . . . . . x 720.
Fig. 26. Foot of first pair ...... x 160.
Fig. 27. Foot of second pair ...... x 160.
Fig. 28. Foot of third pair ...... x 270.
Fig. 29. Foot of fourth pair ...... x 270.
Fig. 30. Foot of fifth pair, female . . . . . x 216.

Fig. 31. Foot of fifth pair, male...... x 540.

PLATE V.

Ameira pusilla, T. Scott, sp. nov.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1. Female, lateral view
2. Antennule
3. Antenna .

4. Mandible and palp
5. Second maxilliped
6. Foot of first pair

7. Foot of second pair

8. Foot of fourth pair

9. Foot of fifth pair

10. Furcal joints

Ameira amhigua, T. Scott, sp. nov.

Fig. 11. Female, lateral view
Fig. 12. Antennule
Fig. 13. Antenna .

Fig. 14. Mandible and palp
Fig. 15. Second maxilliped
Fig. 16. Foot of first pair .

Fig. 17. Foot of second pair

Fig. 18. Foot of fourth pair

Fig. 19. Foot of fifth pair

Daclylopus debilis, Giesbrecht,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

20. Female, lateral view
21. Antennule
22. Antenna .

23. Mandible and palp
24. Second maxilliped
25. Foot of first pair

.

26. Foot of third pair

27. Foot of fourth pair

28. Foot of second pair, male
29. Foot of fifth pair, female
30. Foot of fifth pair, male .

31. Furcal joints

PLATE VI.

Enhydrosoma minutum^ T. Scott, sp nov.

Fig. 1. Female, lateral view ... . x 159.

Fig. 2. Antennule .... . x 540
Fig. 3. Second maxilliped ... . x 720.

Fig. 4. Foot of fourth pair .... greatly magnified.

Fig. 5. Foot of fifth pair ...... x 760.
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Laophonte gracilis, T. Scott, sp. nov. Diam.

Fig. 6. Female, lateral view . . . . . . x 79.

Fig. 7. Antennule ....... x 360.

Fig. 8. Second maxilliped ...... x 540.

Fig. 9. Foot of first pair . . . ... . . x 360.

Fig. 10. Foot of fourth pair ...... x 270.

Fig. 11. Foot of fifth pair ...... x 760.

Fig. 12. Caudal joints with last two segments of abdomen . . x 240.

Pseudocydops ohtusatus, Brady and Robertson.

Fig. 13. Female, lateral view . . . . . . x 79.

Fig. 14. Antennule and rostrum . . . . . . x 180.

Fig. 15. Foot of fifth pair ...... x 270.

Parmithessius dubius, T. Scott, sp. nov.

Fig. 16. Male, dorsal view , . . . . . x 35.

Fig. 17. Antennule . . . . . . . x 53.

Fig. 18. Antenna . . . . . . . . x 79.

Fig. 19. Mandible and maxilla . (m—maxilla) . . . x 540.

Fig. 20. Second maxilliped ...... x 158.

Fig. 21. Foot of first pair, outer branch . . . . . x 158.

Fig. 22. Foot of second pair, inner branch . . . . x 106.

Fig. 23. Foot of third pair ...... x 106.

Fig. 24. Foot of fourth pair ...... x 106.
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INTRODUCTION.

A considerable amount of attention has at various times been devoted

to the larval stages of Carcinus mcenas. This crab is one of the

commonest on the British coasts, and its Zoea may be easily captured

near the shore by the tow-net during the spring and summer.
J. Vaughan Thompson first demonstrated the fact that the Zoea and

Megalops were developmental stages in the life-history of the decapod

Crustacea. In 1828 he described* the larva of Cancer pagurus, the

eggs of which had hatched under his observation. The larva proved to

be a Zoea, "which presented exactly the appearance of Zoea taurus,

with the addition of lateral spines to the corselet." Later, in 1835, in

the papert in which he showed that the Megalops is also simply a young
stage of a crab, he described a Zoea as that of Carcinus mcenas which
clearly does not belong to this species. The Zoea of the latter has no
lateral spines on the carapace, whereas that figured by Thompson has a

very prominent lateral spine. This mistake was followed by Claus.J

* J. Vaughan Thompson, Zoological Researches," vol. i., Pt. I., Cork, 1828.

[According to Cano, Cavolini was the first to recognise the Zoea. He described and
figured the larva of Pachygrapsus marmoratus {^^ M.oxio\og\-^ dell'aparecchio sesBuale
feminile ecc. nei Crostacei Decapodi "

—

Mittheil. a. d. Zool. Stat. Neapel^ ix. Bd.,
4 Heft, 1890, p. 505.]

t J. Vaughan Thompson, "The Double Metamorphosis in Decapod Crustacea," Phil.
Trans. Roy. Soc, London, 1835, p. 359, 1 pi.

% Claus, " Zar Kenntniss der Malacoatrakenlarven," WurrMirqer Natimv. Zeitschr :

1861.
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Thompson gave drawings of what he labelled the Megalops and first

young form of Carcinus. He believed that they were derived from the

Zoea just mentioned. The Megalops and first young stage do belong to

Carcinus mceitas, but they were not derived from the Zoea in question.

R. Q. Couch in 1843 described* the Zoea of Carcinus, which he
obtained by keeping the berried female in captivity until the eggs were
hatched. He gave drawings of the Zoea, Megalops, and first young
stage of this form ; the sketches of the two former are not diagnostic.

Both Thompson and Couch regarded the Zoea stages as one stage, and
the Megalops as the second stage. While they recognised that the Zoea
grew larger, and that certain organs developed during the Zoea period,

they did not state distinctly that these changes in size, etc., are brought
about by moults, not merely by gradual growth. Thompson also

discriminated between young and full-grown Megalopa.
Du Canet had in 1839 given a description with drawings of the

Protozoea and first Zoea.

The first exhaustive treatment of the Zoea and Megalops stages was
made by Spence BateJ in 1859. In tracing the development of the

Zoea he drew attention to the fact that the changes from a Zoea to the

crab are gradual and not really of the nature of a metamorphosis.

He said in this connection (jo. 590)—"In the highest types of Crustacea,

the immense variety of change from the Zoea to the complete animal is

but the result of subordinate becoming more important parts, togetherwith

the development of others not yet present, and therefore hardly accept-

able under the signification of metamorphosis." "The author is

perfectly aware that in Insecta the change of the animal within the

chrysalis is gradual in development ; but he wishes to show that there

is no stage in Crustacea answering to the chrysalis ; that the moults in

process of development of the Crustacea are of the same kind as those

which take place in the adult condition."

Spence Bate gave drawings of the appendages, and traces their

development through a number of stages. They are, however, made on
a small scale, and are to a considerable extent vitiated by the fact that

stages belonging to species other than Carcinus have been introduced

into the series. He depicted three Zoea stages, of which the last does

not belong to Carcinus. He did not satisfy himself as to the number of

moults which take place in the Zoea period, and he was of the opinion

that the Megalops stage was a period of stages analogous to that of

the Zoea period. He had arranged two Megalopa and a young form
into a series. The first of these is not a Carcinus, the second and the third

could not from the drawings be recognised as belonging to this species.

There is only one Megalops stage.

Brooke described the Megalops and six successive stages of Carcinus,

He, following Spence Bate, regarded the Megalopa which he had collected

as belonging to the last Megalops stage. His drawing of the Megalops
does not show the characteristic long curved bristles which are present

on the dactylopodite of the fifth pereiopod of this stage.

The Hatching Period: the Occurrence of the ZoM.

No investigation was made with the view of finding out during how
many months the Zoese of Carcinus were to be found in the sea, but

* R. Q. Couch, "On the Metamorphosis of the Decapod Crustaceans," Eleventh Annual
Report of the Royal Cornwall Polytechnic Society, Falmouth, 1843 ; 1 pi.

f Du Cane, "On the Metamorphosis of the Crustacea," J Mjeti/i- of Natural History.
vol. iii., 1839 ; 1 pi.

X Spence Bate, "On the Development of Decapod Crustacea," FML Trans. Roy. Soc,
London^ 1859, p. 589, pi. xl.-xlvi.
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collateral evidence furnished by the examination of berried females

indicates that hatching takes place over a considerable portion of the

year.

The eggs hatched in the Laboratory on two occasions, viz. in May and
July.

Several females spawned in the Laboratory at the end of September
and in October.

The Egg. When first extruded, the eggs are in the mass of a light

orange colour ; the single egg is straw-coloured. The eggs are nearly

circular ; some are oval. Four eggs measured as follows, -375 : '37 : "37 :

•35 X •4 mm.
As development proceeds, the colour of the egg changes to a deep

amber.

When the eggs are ready to hatch the amber colour has disappeared,

and the mass is of a dirty grey colour. The change from the amber
to the grey takes place not very long before hatching, probably within

a month.
The length of the period of incubation is not known. Meek suggests

four months. This is very probably not an over-estimate.

Berried females may be got on the beach between tidemarks during

nearly the whole year. The eggs on different females are in different

stages of development, which indicates a more or less extended spawn-

ing season.

In January at Dunbar the eggs of a female were of a dark amber
colour, and the eyes were present in the embryo.

In April twenty-three females were examined at Dunbar. On the

majority of these the eggs were of a dirty grey colour (ready to hatch)

in five or six the eggs were of a light orange tinge.

In May a considerable number have been examined at Dunbar and

at the Bay of Nigg. One measuring 6 cm. across had eggs ready

to hatch, and another 4 cm. had advanced eggs; seven had eggs of

a light amber colour, and one of these measured just under 4 cm. in

breadth. Of several crabs sent from the Dornoch Firth, two had

orange eggs, while in the case of the others, hatching was proceeding.

In a lot examined at the Bay of Nigg during this month the smaller

females had advanced eggs, the larger had orange-coloured eggs.

In June at Dunbar one of those found had eggs ready to hatch, half-

a-dozen others had orange eggs.

In July the eggs hatched in the Laboratory.

In September, a female 6 cm. was found carrying advanced eg

the eyes were formed.

Females have been found with empty egg capsules attached in con

siderable quantity to the swimmerets in May, June, and August

These crabs had hatched their eggs shortly before capture.

These facts then indicate that the hatching of Carcinus occurs over a

long period, viz. from April to end of July. Du Cane found that the

eggs hatched in March. In putting the period during which the Zoea

of this crab may be found as from March to end of July, I do not

think an over-estimate is made.
The fact moreover that crabs having eggs ready to hatch, while others

carry eggs which will not hatch for some time, are got simultaneously

points to an extended spawning season.

The spawning season of Cancer pagurus lasts three months, viz.

November, December, and January. Hatching of this form took place

at Dunbar in July and August, and at Bay of Nigg, August and

September (end of). In 1902, while the eggs of certain of these crabs

were hatching, the eggs of other individuals were still red.
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The Larval Stages.

The Larval stages of this form are divisible into three groups : (1)

the Protozoea stage : (2) the Zoea stages, four in number : (3) the

Megalops stage.

Protozoea (Fig. 160).

The so-called Protozoea stage was described by Du Cane, Spence
Bate, and other authors. It is of very short duration. The larva

leaves the egg capsule in the condition shown in the figure. It has

neither the rostral nor dorsal spine. It immediately casts its delicate

integument and appears as a Zoea of the I. stage.

I have not noticed the Protozoea stage in cases where the larvae

have hatched out in a tank. It may however be got by washing the

egg- mass of a female during the time the young are hatching.

Faxon* gives a correct description of this stage, and it is not

necessary here to recapitulate it.

The Zoea.

The Zoea is wholly pelagic.

It is a feeding period during which the Pereiopods and Pleopods
develop.

Functional Appendages. The Zoea has a cephalothorax, and abdomen
and telson. There is no sharper dividing line between the cephalon and
the thorax than there is in the adult. The thorax is only partly

developed, two thoracic appendages alone being functional, viz. the First

and Second Maxillipedes. The hind part of the thorax, to which
pertain the Third Maxillipede and the five Pereiopods, is rudimentary.
The cephalic appendages are all present and functional : they are the

Eye, Antennule, Antenna, Mandible, First Maxilla, Second Maxilla.

The abdomen is 5-jointed ; the pleopods are rudimentary.
All the functional appendages differ very much from their structure

in the adult.

With the exception of the telson they are feeding and sensory organs.

The telson, as Du Cane pointed out, functions mainly in assisting the

ecdysis of the integument of the appendages. {Cp. the telson in the

Zoea of Cra7igon vidyaris.) The abdomen and telson are also used for

intermittent progression. The principal motor organs are the setose

exopodites of the first and second maxillipedes.

The Megalops,

The Megalops is the connecting link between the pelagic Zoea and
the demersal young crab. It partakes of the characters of both. It

swims by means of its five pairs of pleopods, after the manner of a
Crangon, and also crawls about on the bottom by means of its

pereiopods.

In Crangon the Megalops stage persists with slight modifications to

be the adult condition. The Brachyura pass through a Crangon stage in

the Megalops, and then undergo further specialisation which affects the

abdomen alone. The pleopods change in character, they lose the

* "On some Points in the Structure of the Embryonic Zoea [Carcinus timnas and
Panopeus Sayi]," Bull. Mm. Compar. Zoology, Harcardy vol. vi., No. 10, 2 pi., p. 159.
Cambridge, Mass., U.S.A. ; 1880.



140 Part III,— Twentij-first Anrncal Report

swimming function. In place of five there are in the later stages four
pairs of abdominal appendages in the female and two pairs in the male.
Tn both sexes these are now merely sexual organs.

The Larval Characters.

The Protozoea shows some yellow and brown pigment ; it is the
pigment of the I. Zoea which shows through the delicate cuticle.

The Zoea of Carcinus mcenas is readily distinguished from the other
Zoese which may be taken along with it in a tow-net collection, made in

Scottish waters, by

—

(1) The absence of the lateral spine of the carapace,

(2) The colouration.

(3) The structure of the abdominal joints.

On the dorsum of the carapace there is a pair of short hairs situated
a little behind the base of the rostral spine (Fig. 159).

(1) The Zoese of Cancer pagurus and of certain other common
Brachyura have a strong lateral spine on the carapace. The carapace
in Carcinus is plain (ib.).

(2) Colouration. The Zoea of Carcinus has to the naked eye a

greenish or olive appearance. On the dorsum just in front of the base
of the dorsal spine there is a double blue spot, which by reflected light is

brightly luminous. The pigments present throughout the body of the
larva are yellow and brown (or black). They are laid down in branching
chromatophores, and are associated, the yellow being surface, the black

(or brown) deeper. When examined by means of the microscope, the
dark pigment is seen to be arranged on the side of the cephalothorax
and to pass down the abdomen in a series of large chromatophores
located on the ventral halves of the somites. On the cephalothorax and
abdomen the yellow chromatophores are associated with the black.

Over the cornea there is a reticulation of yellow pigment. The yellow

pigment is more or less luminous throughout.
In preserved Zoese the black pigment alone is seen, and the large

branching chromatophore on the side of the cephalothorax is charac-

teristic.

(3) Abdomen (Fig. 118). The lateral part of the terga of the 2-5

abdominal segments extends backwards in the I. Zoea in a rounded
expansion over the beginning of the succeeding segment. The posterior

edge of this plate is minutely notched.

I.-IV. Zoeae. All the Zoeae stages show the above characters, though
they vary in degree. The pigmentation varies in intensity, some forms
showing a much darker greenish appearance to the naked eye than
others. The little hairs at the base of the dorsal spine were not made
ou in the III. and IV. Zoese examined.
The lateral expansion of the terga of the abdominal somites becomes

more prominent in the later stages ; in shape it becomes more angular

(Fig. 129).

The Separation of the Four Zoea Stages.

Zoeae of Carcinus were obtained of four different stages by means
of the tow-net. A certain amount of difficulty was experienced in

deciding that there were only four stages in the Zoea period. This was
due to the fact that the Zoeae of any one stage vary in size and may
also vary in structure.

The Protozoea and I. and II. Zoeae were hatched out and reared in

the Laboratory. The III. and IV. Zoeae were captured along with I.

and II. stages in the tow-net.
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The II., III., and lY. Zoea? obtained from the latter source were kept

until they moulted, and the resulting stage was in the case of the first

two the III. and lY. Zoese respectively ; and from the lY. Zoea the

Megalops was obtained. This was the method adopted by Mortensen*
in the case of Palcemon Fahricii, and later by myself with Crangon
mdgaris.

The variation in size between Zoese of the same stage was also

noticed in the case of the Zoese of Crangon. Gurney found the same
difficulty in the case of the Zoe^e of Corystes cassivelaunus, especially in

the second stage. He, however, came to the conclusion that there

were only four Zoea stages.

The four stages are fairly widely separated by their sizes. Naked-
eye drawings are shown alongside Figs. 159, 148, 147, and 146. They are

intended to give a fairly accurate idea of the absolute sizes of the four

Zoese.

A useful character for separating the diflferent stages is the number
of setae on the exopodite of the first or second maxillipede, but this is

not constant.

In the I. Zoea there are 4 setae.

J?
III. ,, 8 ,,

>) lY. ,, 10

Two cases of III. Zoea were found which had only six setae.

The pleopods afford a character by which the III. and lY. Zoeae can
be separated from one another, and also from the I. and II. Zoeae.

In the I. and II. Zoeae the pleopods do not project beyond the

ventral line of the abdominal somites. In III. and lY. they do so.

In III. the pleopods of the second to fifth somites are half the length of

the abdominal somite ; in lY. they are as long as the somite.

In III. and lY. the pereiopods are large ; in the latter they are

segmented.

As to the length of the Zoea period I have no data except that the
Zoea of the first stage which was hatched on May 15th moulted into

the second Zoea between the 24th and 27th of the same month, that is

after an interval of not more than twelve days. From this it may be
fairly inferred that the Zoea period does not probably exceed a month.

Characters of the Megalops (Fig. 152) and Early Young Stages.

The Megalops oan be readily distinguished from the Megalops of

other species. It has to the naked eye a dirty-greenish or olive

colouration. Microscopic examination shows the presence of a large

black chromatophore on the dorsum, and also that there is no dorsal

spine on the carapace. The intensity of the pigment varies.

Its integument is similar in character to that of the Zoea, viz. very
transparent, hyalin.

The abdomen projects in line with the cephalothoi-ax ; it has five

pairs of functional pleopods.

On the basi-ischiopodite of the chela there is a large hook.
The dactylopodites and propodites of the second, third, and fourth

pereiopods have small serrated thorns.

On the dactylopodite of the fifth pereiopod there are three long
curved spines.

There is a short rostral spine.

* Mortensen, " Undersogelser over Vor Almindelige Rejes {Palcemon Fahricii, Rtk.)."
Copenhagen ; 1897
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The First Young stage (Fig. 167) has none of the characters of the
Megalops.

The general form of the carapace and pereiopods has changed
towards the adult condition ; the lateral teeth of the carapace are now
present, though not fully developed.

The integument is not so transparent as in Megalops ; it now shows
some definiteness of structure ; it is not yet calcified. It is, moreover,
covered all over the exposed surfaces with minute " needle-point " cilia

(Figs. 166, 169). They are amxnged singly, or in groups of two, three,

or four.

The carapace is longer than it is broad.

The abdomen is tucked in under the thorax^ the five pairs of

pleopods are present in a degenerate condition.

Second, Third, and Fourth (Figs. 173, 170, 171). In the second,

third, and fourth stages, with increased bulk, the carapace tends to

become broader proportionally. The lateral teeth become more
prominent. The eyes become less so.

The minute " needle-point" cilia were found in ail these stages. In the

fourth stage (4 mm.) they were made out on the dorsum of the carapace.

Crab 5'5 mm. In this crab none of the cilia were found on the

carapace. The sexual characters were distinguished at this size.

The cilia therefore apparently disappear between 4 mm. and 5*5 mm.
The sexual characters were not noticed in the ciliated individuals

:

their examination was not, however, an exhaustive one.

The ciliated stages are probably non-sexual.

Development of the Appendages.

The appendages will be considered in the following order:—(1)

Antennule, (2) Antenna, (3) Mandibles, (4) First Maxilla, (5) Second

Maxilla, (6) First Maxillipede, (7) Second MaxilHpede, (8) Third

Maxillipede, (9) Pereiopods, (10) Branchite, (11) Telson, Abdomen,
Pleopods, (12) Eye.

Antennule, a., Plate vii.

I. (Figs. 2 and 33). The antennule of the first Zoea is 2-jointed, a

short proximal and a long distal joint. It is of cylindrical form, and

is slightly curved. It bears at its extremity five sensory tubes ; of these

two are long, the others short. These tubes are connected directly with

the ganglion which is seen occupying nearly the whole of the long

joint. When the antennule is examined in situ in the cephalic region

(Fig. 33), the short first joint appears to be sunk through the integument

into the cephalic region.

Daring the remaining Zoea stages the number of sensory tubes

increases, and the shape of the long joint changes to a pear-shape.

II. (Fig. 3). The aesthetascs (sensory tubes) are six in number

;

of these one is very short, the others vary in length and thickness.

III. (Fig. 4). In the specimen of the third Zoea, only five aesthetascs

were found, but they were arranged differently from the previous

stage ; four were terminal, and the fifth arose a little distance short

of the tip.

IV. (Fig. 6). There were now seven sensory tubes; four of these

were terminal, and the remaining three arose together a little behind

the other group.

The first joint of the antennule was not noticed. The shape of the

long joint has altered considerably, and it is now constricted at its
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middle : a joint was not satisfactorily made out. A swelling has

appeared on its distal half. This is the rudiment of the single-jointed

process of the Megalops. The ganglion is in the distal half of the joint.

Megalops (Fig. 29). The antennule is now a very different organ.

It is 2-branched. The first joint of the appendage in the I. Zoea
is no longer to be made oat ; it has probably fused with the cephalon.

The antennule consists of seven joints, a large basal joint, triangular in

shape, representing the broad proximal half of the appendage in lY.
Zoea, and six other joints which represent the distal half of the long

joint in IV. The second and third joints are broad, and contain within

them the ganglion, now divided into two. The third joint has a broad
distal end, from the projecting corner of which a single-jointed

appendage arises. The latter joint is tapered, constricted at its middle,

and bears four terminal smooth hairs; and two other shorter hairs arise

from the joint as shown in the figure. It is the endopodita.

Distal to the third broad joint there are four narrower joints : the

fourth, fifth, and sixth are short, the seventh a long joint constricted

at its middle. There are three main groups of aesthetascs attached to

the last three joints. On the fifth joint there are three ; on the sixth,

five (in one case four) ; and on the seventh a group of three about the

middle of the joint, and a single one a little short of the end of the

joint. On the end of the joint there is a long sparsely ciliated hair.

There are several short hairs distributed over the other joints : these

are shown in the sketch.

The first joint contains the auditory organ, for a minute description

of which see Hensen's* and Prentiss't papers.

The sensory tubes are connected by tubes with the ganglion, which is

not single but composed of different ganglia, which appear to serve

different aesthetascs or groups of aesthetascs. The compound ganglion is

situated in the second and third joints. From the position of the

ganglion we are able to homologate the different portions of the

antennule of the Megalops with that of the IV. Zoea. The lower half

of the long pear-shaped joint becomes the first joint of the Megalops

;

and the remaining six joints and the short appendage from the third

joint are derived from the distal half of IV. The little 1 -jointed

appendage is the endopodite : the aesthetasc-bearing appendage is the
exopodite.

In Carcinus we have an exactly similar condition to what is found in

Crangon vulgaris.X In the latter the auditory organ is in the first joint

;

the compound ganglion is located in the second and third joints, and
from the the third joint arise an exopodite [3-jointed] bearing groups
of aesthetascs, and an endopodibe [2-jointed] bearing hairs only. In
Crangon, however, the antennule in the VI. stage (Megalops) is straight,

whereas in Carcinus the antennule is bent over on itself.

1. (Figs. 18, 20, 21.) In the first young stage the condition is practi-

cally identical with that of the Megalops, e ^cept that with increase in

size the joints are more numerous. The first three joints are unchanged,
except in size, but the terminal joint of the exopodite is now segmented,
and the 1 -jointed endopodite is now 2-jointed. That is, the antennule has
now eight joints, with a 2-jointed endopodite rising from the third

joint. The endopodite and exopodite are bent down towards the third

joint.

* Hensen, "Studien liber das Grehororgan der Decapoden," ZeitscJir. f. ^vissenschaft,

Zoologie, Bd. 13, p. 319 ; 1863 ; 4 Taf.

t Prentiss, "The Otocyst of Decapod Crustacea: its Structure, Development, and
Functions," Bull. Mus. Gomva^r Zooloqy, Harvard vol. xxxvi.. No, 7, 10 pi. Cambride-e
U.S., A., 1901.

'

X Op. cit.
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The number of aesthetascs was found to be—four in the proximal
group, four in the next, three in the distal^ and beyond that group a

single aesthetasc arose from the middle of the end joint.

The exopodite bears a long smooth terminal hair.

A few minute "needle-point" cilia were found on the second joint.

Antenna, A., PI. vii.

I. (Fig. 16). The antenna of the I. Zoea consists of a single basal

joint which is produced distally into a long spine, serrated on both sides

(Fig. 1, h). At the distal end of the joint there articulates a branch
consisting of a long narrow joint which bears two smooth spines, one
very long, the other short. The distal end of the long joint is serrated

(Fig. 1, «), and the short spine rises from a projecting corner of the

same. This branch is the exopodite, and it is the homologue of the

scale of the antenna of Crangon vulgaris. It is present in the Zoea,

but absent in the adult.

The serrated process is the endopodite, and from it is developed the

flagellum, i.e. the antenna of the adult. On the proximal part of the

process there is a swelling {sw, Fig. 16), which is the rudiment of the

flagellum. During the succeeding Zoea stages it grows in size along-

side but quite independently of the serrated process. In this respect

Carcinus differs from Crangon. In the latter the serrated process

develops into the flagellum. The future whip first appears in the wide
proximal part of the process, and as it grows it absorbs the serrated

portion till the latter becomes merely a tuft of hairs on the end of the

former. In Carciiius, however, in the IV. or last Zoea stage the

serrated process is as large' and important proportionally as in the I.

Zoea,

The serrated process in both forms is a character of the Zoea alone.

During the succeeding Zoea stages, development in the antenna takes

place only in the bud of the flagellum, the other parts remain unchanged
in form, though they increase in size.

II. (Fig. 17). The rudimentary flagellum is now prominent as a

conical protuberance.

III. (Figs. 4, 5). The flagellum is now half the length of the serrated

process.

lY. (Fig. 6). The flagellum is now almost as long as the serrated

process. The exopodite has diminished in l elative size.

Megalops (Fig. 11). The antenna now has its adult form. It

consists of nine joints, the first three are wider than those that follow.

The latter, with one exception, viz. the fourth joint of the antenna, are

long narrow tapering joints. The antenna is furnished with two
prominent long smooth stiff hairs. They arise from the distal end of

the seventh joint. With them are associated two short hairs. The
terminal joint bears three stiff smooth slender hairs, and round the

distal edge of the fifth joint there is a ring of four short hairs. On the

third joint there is one short hair, and on the first joint there are three

similar hairs. In another Megalops the antenna had only eight joints,

the fifth and sixth joints of the form drawn being fused together. The
first joint of the antenna appears to be the protopodite, and is probably

the homologue of the basal joint of the antenna of the Zoea.

1. (Figs. 7, 21, and 23). In the first young stage there is little change

from the condition in the Megalops. Considerable variation was found

in the antennae of different individuals. In one (Fig. 7) there were

ten joints ; the arrangement of hairs was practically the same, except

that a joint seemed to have been added to the first three joints, so that
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the little rounded joint bearing the single hair is now the fourth, instead

of third as in the Megalops, and also in another fiist young form. In
Figs 21 and 23 the antennae of the right and left sides of a first young
stage specimen are shown. In Fig. 23, however, the first two joints are

not given. The antenna of the right side is incompletely developed.

This may be in consequence of an injury, and the part may be in process

of reproduction. The antenna of the left side was 9 -jointed, but had
not the two long hairs on the seventh joint.

The first joint shows a recess in its outer surface, and behind it a
tooth. A few more hairs are found on the first joint, and some of

these are ciliated.

The first three joints have scattered over their surfaces minute
" needle-point " cilia, which are arranged singly or in groups of 2, 3,

or 4. These cilia are an important character in the first young stage.

Mandible, mn, PI. vii.

I. (Fig. 8). The Mandible is 1 -jointed. It consists of two distinct

parts, a cutting edge (e), and a massive crushing crown (cr). Alongside

the crown a large triangular tooth (t) rises in line with the cutting edge.

There is no palp. Spence Bate drew attention to the resemblance

between the mandible of the Zoea of Carcinus and that of an amphipod.
II. (Fig. 24), III. (Fig. 22), IV. (Fig. 9). In the remaining Zoea

stages the mandible retains the characters of the I. Zoea.

Megalops (Fig. 26). The mandible is now very much changed. The
cutting edge ends in a prominent stout angle. It has a rounded cutting

edge and a 3-jointed palp. The palp (Fig. 26, h) has on its end joint a

series of seven stout short hairs, which are provided with stiff cilia

(Fig. 27). The palp arises from the upper side of the mandible.

1. (Fig. 10.) The inferior corner of the cutting edge is turned up.

The hairs on the palp have increased in number. Otherwise the

mandible is little changed. The figure shows the upper surface.

Labrum^ Ir. Labium, lb. Plate vii.

The labrum of I. Zoea is shown in Fig. 33 ; the labium is seen in

Fig. 25.

First Maxilla, Im, Plates vii. and viii.

I. (Fig. 14). The first maxilla has a 2 -jointed protopodite. The
inner edge of each lobe is furnished with toothed spines. Rising from
the second joint there is a 2 -jointed palp.

The palp bears at its extremity six stiff blunt hairs, one of which has

on its proximal half a few long cilia. Of the others one or two are

minutely serrated (Fig. 34, a). There is a similar hair on the first joint

of the palp.

The spines on the protopodite lobes are strong, with large teeth or

stout lanceolate cilia. On the upper lobe there are five spines ; on the

lower lobe there are seven. The latter are provided with long lanceolate

cilia, as are also certain of the spines of the upper lobe. Figs. 31, 32,

and 34, b, c, are spines of the protopodite lobes. The spines are similar

to those found on the first maxilla of the Zoea of Crangon vulgaris.

On the lower edge of the upper lobe there were three groups of cilia.

They were not noticed in the other Zoea stages.

II. (Fig. 37). The first maxilla has gained a number of spines,

eight being present on each lobe. On the outer edge of the upper
K
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lobe there is a short plumose seta, and on the inferior edge a short plain

hair.

III. (Figs. 35 and 38). The condition is similar to the preceding.

The little plumose hair which is seen on the outer edge of the upper
lobe is shown in Fig. 12.

Fig. 15 is an enlarged drawing of the palp.

IV. (Figs. 13 and 36). In this stage one spine more was found
on the upper lobe, and one fewer on the lower lobe than in III., i.e. ten

on the upper and seven on the lower.

In the specimen dissected the two first maxillae were not alike. The
palp of one side was normal (Fig. 13), while the palp of the first maxilla

of the other side had a single hair attached to the middle of the

second joint (Fig. 36), in this recalling the structure of the palp of

the first maxilla in the Megalops of Crangon vulgaris.

Megalops (Fig. 47). The first maxilla in this stage retains a general

resemblance to the Zoea condition. It is 2-jointed. From the basal

joint rises a narrow lobe. The second joint forms a large lobe, on the

outer side of which there is the palp. Except for an increase in the

number of spines on the two lobes their armature has not changed
much.
The palp, however, is now a single-jointed flattened appendage, which

is bent on itself.

In this specimen also the two first maxillae differed, viz. in the

number of spines on the lobes.

1. (Fig. 42.) The palp is now 2-jointed. The first joint is broad and
peculiarly shaped ; it bears two smooth hairs at its middle. The second

joint is bent down away from the lobes, and carries two terminal

smooth hairs.

The armature of the two lobes is shown in the sketch.

Second Maxilla, 2m, Plates viii. and ix.

The second maxilla consists of two joints, vide Fig. 55, which shows
the appendage in the IV. Zoea. The first joint (p'ot. ih.) has a long

lobe {I ') attached to it. This appears to be simply a process of the first

joint, not segmented off from it. The upper joint is cleft into two lobes

{I" , and l" ). To its outer edge is attached the scaphognathite which is

the homologue of the palp in the first maxilla. There is then in the

second maxilla a condition similar to that of the first- maxilla. Gurney
in his drawing of the second maxilla in the I. Zoea of Coiystes indicates

a condition resembling that described above. It is possible that the top

lobe {I") is the endopodite, but in none of the stages was it seen to be
segmented off.

I. (Figs. 45 and 76). The endognath then consists of three lobes, of

which the two upper form the large lobe, and the third the small lower

lobe. Each lobe bears on its inner edge a number of bristles, which are

grouped on sub-divisions of the lobes. The spines on the upper double

lobe are long stiff hairs, some of which are provided with a few long lanceo-

late cilia, others are minutely serrated on their distal halves (Figs. 44
and 54). On the lowest lobe the spines are adorned with long

lanceolate cilia (Fig. 50). The spine formula is (5 + 3 : 4 + 5) : (4

+ 3). Certain of these resemble spines that are found on the first

maxilla.

On the upper and lower edges of the lobes there are groups of

delicate cilia.

The scaphognathite is small and bears five long plumose setae. The
same number was found by Gurney in Corystes and by Mortensen in

Palcpmon Fahricii. In Orangon vulgaris also there are five set®.
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II. (Fig. 39). The number of spines found on the second maxilla

drawn was (5 -f 3 : 4 -f 5) : (3 + 3).

The scaphognathite had nine plumose setae.

III. (Fig. 61). The spine formula found in this example was (5 + 3 :

5 + 5): (4 + 3).

There were 18 plumose setae on the scaphognathite.

IV. (Figs. 40 and 55). The spine formula was (5 + 3 : 5 + 5) : (4 + 3).

In III. and IV. Zoese then there is one spine more than in

I. Zoea.

The scaphognathite bore 24 setae.

Megalops (Fig. 46). While the general form remains similar, the

second maxilla has changed greatly in the proportions of its several

parts. The scaphognathite, which during the Zoea stages was rapidly

growing larger, constitutes now the greater part of the appendage.

The prominent spines of the Zoea are now replaced by short smooth
stiff hairs.

The 2-jointed structure of the second maxilla is still evident. The
large top lobe has become differentiated into two parts, the upper of

which is a conical process devoid of hairs, the other a bifid lobe bearing

the short smooth hairs. The lower lobe is more deeply cleft ; on its

upper half it bears two short smooth hairs, and on its lower, four hairs,

one of which is provided with several long cilia, while a second has one
or two serrations.

The numbers of hairs on the endognath are as follows : (0 : 3 -f- 3 : 3 +
4) : (2 : 2 + 2).

The scaphognathite bears 39 short plumose setae.

On the surface of the scaphognathite there are three little hairs, and
on the middle lobe of the endognath, two similar hairs.

1. (Fig. 59). The top division of the endognath now bears a single

stiff hair at the middle of its length. The hair arrangement is (1 : 2 -\-

4 : 6) : (3 4- 4).

Of the four hairs on the bottom part of the lower lobe, three are
ciliated.

The middle portion of the endognath is now segmented off.from the
rest of the appendage.

The number of short plumose setae fringing the scaphognathite is

largely increased. On its surface a few short hairs were noticed.

The Maxillipedes, mp, Plates viii., ix.. x.

In the Zoea two maxillipedes only are functional, viz. the first and
second pairs. Thoy act as feeding organs, and also through the action

of their seta-bearing exopodites, serve as the principal organs of locomo-
tion. The third maxillipede is not fully developed until the Megalops
stage.

Spence Bate stated that " at the base of these two last pairs of

appendages [2nd and 3rd maxillipedes] the germ of the future branchiae

may be distinguished."

When the first and second maxillipedes are examined in situ the
protopodite appears to consist of three joints (fig. 76). This, in view of

Hansen's* theory of the 3-jointed protopodite, is of some moment. Two
of the joints—viz., the long joint and the short one proximal to it

—

are distinct. The "joint" connecting the latter to the thorax is

tapered, and it is an open question whether it is really a joint of equal

* Hansen— '* A Contribution to the Morphology of the Limbs and Mouth-parts of
Crustaceans and Insects," The Annals and Magazine of Natural History VI.), vol. xii

1893, p. 417.
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value to the two others. It appears rather to be a bundle of muscles

enclosed in a thin chitin. T have not satisfied myself that it is a true

joint and in the following description have neglected it.

First Maxillipede, 1 mp, Plates viii. and ix. (Fig. 78).

I. (Figs. 57, 76, and 85). The first maxillipede consists of a 2-iointed

protopodite. The first is short, the second is a long joint. To the

latter are attached the endopodite and the exopodite.

The exopodite is a 2-jointed branch bearing four long densely

plumose setae. Two of these are terminal, and two arise, one on each

side, a little behind the former.

The endopodite is 5 -jointed, and is furnished with a number of long

serrated hairs. On the end joint (Fig. 78) there are four serrated hairs

and a short smooth hair. On the second joint there are two of the

former, on the third joint one, and on the second and first, two hairs

each.

The protopodite has a number of smooth hairs. Two arise from its

inner edge close to the base of the endopodite. Six more are found on
other parts of the inner edge. The formula of the arrangement of hairs

on the protopodite and endopodite was, 0:4 + 2 + 2:2:2:1:2:14-4.
II. (Fig. 51). With an increase in size little difierence is found in

this stage.

There is an extra hair on the second joint of the protopodite, and
certain of the hairs on it have a few short cilia.

The exopodite has now six plumose setae, the two new set£e having

been added one on each side and a little behind the original four.

III. (Fig. 53). The principal change in this stage is the addition of

two more setae to the exopodite, making in all eight setae. Vide Fig. 52,

which shows the end of the exopodite, side view.

In two Zoeae which from the stage of development of the pereiopods

and pleopods evidently belonged to this stage, viz. the III., the exopo-

dites of the first and second maxillipedes had six swimming setae.

On the first joint of the protopodite in this stage a small process was
seen which is the epipodite {ep),

IV. (Fig. 41). The exopodite has now ten swimming setae. In

Corystes (Gurney) the exopodite had in this stage twelve setae. An
additional spine was found on the last joint of the endopodite.

The hair formula was, 0:6 + 2:2:2:1:2:4.
The epipodite (ep') is now large and prominent (Fig. 67).

Megalops (Figs. 43 and 49). The first maxillipede now approaches

the adult condition.

The protopodite is 3-jointed. The first joint bears the epipodite ; it is

the first joint in the Zoea. The second and third joints, if, represent

the single long second joint of the Zoea.

The endopodite is a 1 -jointed hammer-shaped flattened process,

bearing on its upper edge three short smooth hairs.

The exopodite is 2-jointed, and is bent at a right angle. On the

distal end of the first joint it has usually two plumose setae, sometimes,

as in the example drawn, one only. The second joint shows a line

crossing it obliquely, which indicates a rudimentary joint. It bears

four plumose setae.

The second and third protopodite joints are furnished along their

inner edges with a number of hairs, some of which are ciliated (Fig. 49).

The epipodite, which is a process of the first joint, bears eight long

thin slightly curved hairs. They are stiff, and are found mainly on the

outer edge. On the " heel " of the epipodite is a pair of smooth hairs.
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1. (Figs. 48, 58, and 60.) In this stage the first maxillipede has

altered considerably. The protopodite joints are no longer distinct.

The exopodite is 3-jointed. It is furnished with four terminal

setae and a hair close to the tip. The " elbow " joint is not a movable
one.

The endopodite (Fig. 60) has a peculiar form. It is twisted on its

long axis, and has a flat broad extremity upon which there are eight

short smooth hairs. Its inner edge bears three short hairs, of which
two are plumose.

The protopodite lobes (Fig. 58) are now long and narrow. They are

profusely supplied with spines, of which three of different kinds are

shown in Figs. 56, 62, and 63.

The epipodite has more filaments. Of these 13 are on the outer edge,

four on the inner edge of the proximal half, and one on the surface of

the latter. On the heel " there are three stout serrated hairs.

Second Maxjllipede, 2 mp, Plates viii. (Fig. 51) and ix.

I. (Figs. 68, 76, 83 and 85). The second maxillipede resembles the

first maxillipede, but differs from it in the size of its endopodite.

It has the 2-jointed protopodite, a 2 -jointed exopodite which bears

four plumose setse, and a 3-jointed endopodite.

On the long protopodite joint (the second) there were on the inner

edge four hairs, of which two had a few cilia.

The endopodite (Fig. 83) bears on each joint a strong serrated spine,

that of the third joint being the longest, while that of the first is the

shortest. On the end joint there is in addition a long slender hair

and three shorter hairs. The former and one of the latter show a
single serration each.

The hair formula was, 0:4:1:1:5.
On the first joint of the protopodite a rudimentary epipodite was

made out (ejo. Fig. 85).

II. (Fig. 51). In this stage there is little that calls for special

mention, except that the hairs and spines are with one exception all

serrated.

The exopodite has six plumose setse.

III. (Fig. 65). The endopodite showed on its last joint six hairs

(Fig. 70), i.e. one more than in the two preceding stages.

The endopodite has eight plumose setae.

TV. (Fig. 66). In this case the same number of hairs was found on
the endopodite as in the I and II. Zoeae.

The plumose setse of the exopodite are now ten in number.
The epipodite {ep) on the first joint of the protopodite is now large, as

is also another process which is a branchia (6r).

Megalops (Fig. 64). The protopodite is 2-jointed, and from the first

joint arise a branchia (hr) and the epipodite \ep). It is probable that

another branchia is present, but it was not made out. The protopodite

joints are broad and short. The second is the homologue of the long

second joint in the Zoea.

The exopodite is 2-jointed, and the second or distal joint shows a
line of segmentation across it. At the elbow there is a thickening of

the integument, probably strengthening. The exopodite has four

plumose setse.

The endopodite is 5-jointed and bent. The last two joints are armed
with stout serrated spines. On the fifth joint there are five serrated

spines and two smooth hairs, on the fourth two serrated spines and one
smooth hair, and on the third and second joints one smooth hair

each.
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The epipodite is small and has no filaments.

1. (Fig. 71.) The appendage is now more specialised. The proto-

podite joints are no longer distinct, but fused.

The epipodite is still small and without filaments.

The branchia shows a little segmentation.
The 5-jointed endopodite retains the character of the preceding

stage, but its first and second joints have now a number of ciliated hairs.

Enlarged drawings of two of the spines on the fourth and fifth joints

are shown in Figs. 75 and 87.

The exopodite is of three segments. The first is broader and bears

on its outer edge an expanded plate-like ridge, the edge of which has a

series of teeth. On its proximal part there are two short plumose
hairs. Distal to these there are five curved teeth, three of which have

little lateral teeth, while the remaining two are plain (Fig. 71,a).

Opposite the upper part of the ridge there are two similar teeth. The
third joint bears five plumose setse and a plain hair.

Third Maxillipede and Pereiopods.

The third maxillipede and the five pereiopods are not functional in

the Zoea stages
;

they are found in the I. Zoea as buds, forming with

the diminutive sternum region pertaining to them a hemispherical mass
situated between the bases of the second pair of maxillipedes and the

first abdominal segment. The mass lies as it were in a cup-shaped

depression. It is seen in side view in Fig. 76, and in ventral

view in Fig. 85. The sternal region is an oval plate or disc, and is

surrounded on both sides by the closely-packed buds of the third

maxillipedes and pereiopods. The sternum shows some indication of

segmentation.

The buds of the third maxillipede and pereiopods were shortly

described by Spence Bate as follows (;?. :
—" Posterior to the last pair

of members that I have described [maxillipedes], several sacs are visible.

These evidently contain the germs of the five pairs of pereiopoda, or

true ambulating legs, the most anterior of which I think I have been
enabled to perceive lying folded within the sac, as shown in Plate XL.,
Fig. 10. Some of the small sac-buds probably are the germs of the

future branchiae, and it is not improbable that in the embryonic condition

they fulfil the object of their design sufl&ciently well for so immature a

creature."* That respiration is carried on by the buds of the gills

is not at all likely.

In tracing the development of the branchij?; it will be shown that,

during the present research, conditions were observed partly in agree-

ment with the view expressed by Hansen regarding the connection

between the limbs and the branchiae. According to that author, the

explanation of " the fact that in the Decapods branchiae are found upon
the pleurae, upon the arthrodial membrane between the pleurae and the

limb, and also upon the coxopodite," is to be found in the view that
*' the portion of the pleurae provided with branchiae is to be regarded as

originally belonging to the limb, so that we now find its vanished

segment represented by branchiae alone."

Third Maxillipede, 3mp, Plates ix. and x.

I. (Figs. 69, 76, and 85). The third maxillipede is a bifid bud ; the
branches are of unequal breadth; the narrower is the exopodite. On the
outer surface there are two swellings ; the smaller, which is distal, is the

'" Op, cit.
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future epipodite, the large proximal swelling represents two branchiae.

No segmentation into joints was seen. The limb is a hollow process,

and the swellings are also hollow.

II. (Fig. 84). Three swellings are now to be made out on the outer

side of the growing bud. The upper represents the epipodite, the other

two, branchiae.

III. (Fig. 74).

lY. (Fig. 67). The endopodite is a 3-jointed branch. The epipodite

lep) is large, and the two gills are seen to be hollow swellings.

Megalops (Figs. 81, 86, and 87). The appendage is now functional.

There are two basal joints, the first a thin joint, the second is a large

joint bearing the epipodite. Attached to the upper part of the first

joint, or probably actually in position as arthobranchs, there are the two
branchiae, not yet functional, however. Above the base of the epipodite

there is a small process which is probably the future podobranch.

The epipodite {ep) has eight long stiff filaments, which are curved at

their tips. They are with one exception on the outer edge of the epi-

podite. On the beginning of the epipodite there are three plumose

hairs.

The large basal joint is adorned with a row of six plumose hairs.

The exopodite is 3-jointed and bears four plumose setae at its

extremity. The exopodite is bent, and the "elbow" joint is strengthened

by a thickened chitinous plate on the external angle ; it appears to be

rigid.

The endopodite is 5-jointed, and is bent on itself. The first joint is

a long flat joint, broader distally than at the proximal end (Fig. 97).

Its internal edge is a little irregular, and it has three little angular

projections. It is furnished with short hairs, of which some are ciliated
;

they are mainly located on the edge : a few are surface in position. The
second is a broad rounded joint, narrower than the distal part of the

first joint. It is provided with a number of hairs, of which two are

serrated (Fig. 81). The remaining three joints are armed with serrated

bristles, the terminal one of which is very long and stout {ih. and Fig.

77). All the serrated bristles are on the anterior or upper surface, that

is, next the second maxillipede. There is a considerable amount of free

movement in an antero-posterior plane at the joint between the second

and third segments. The other joints give little or no movement.
1. (Figs. 88, 98, 103). In this stage no important difference from the

preceding stage is noted. The three branchiae are present, two of the

branchiae are lobed. The epipodite has an increased number of filaments.

The basal joint and the proximal end of the epipodite are adorned
on the posterior surface with, in the case of the former, two rows, and
in the latter, one row of plumose setae. Alongside the plumose setae

there is a row of little thorn-like teeth.

The exopodite (Figs. 88 and 98) is 3-jointed, and has five plumose
setae. On the inner edge of the exopodite there is, near its distal end,

a notch. The exopodite moves about on the superior or anterior surface

of the endopodite, and this notch, into which the hind edge of the
second joint of the endopodite fits, prevents the exopodite from moving
too far over the endopodite. There is in the adult a similar notcn
on the exopodite of the third maxillipede : it is accompanied by a
tuft of hairs.

Two drawings of the endopodite are given
;
one, (Fig. 98) represents

the upper or anterior surface, the other (Fig. 103) shows the posterior

or ventral surface. The latter is covered over with minute needle-point
cilia, which have been already noticed as parts of the antennule and
antenna in this stage. On the third, fourth, and fifth joints of the
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endopodite, these cilia are only on the dorsal half of the surface. This is

the exposed surface of the third maxillipede. The upper surface is close

up against the second maxillipede, and on it (the upper surface) there

are none of these cilia. Generally over the body of the crab of this

stage the external surfaces are covered with these minute cilia, except

where two surfaces interact on one another, e.g. anterior surface of

chela on the epimeron. In the third maxillipede they are not confined

to the endopodite, but are also on the basal joint, and on the part of the

first joint of the exopodite which is exposed beyond the endopodite.

The two sketches together show all the hairs and bristles which
are found on the appendage. A number of these, however, appear
in both drawings. They are those on the superior edge of the second

and third joints, and the short hairs on the edge of the first joint.

The inner edge of the first joint of the endopodite is now minutely
crenate : the exact number of lobes is shown in the sketch. It is

furnished with a row of short hairs, all situated on the outer surface.

On the surface of the joint there are externally a number of plumose
hairs, and on the internal surface a number of hairs of which only

one was made out to be provided with cilia (two).

The second joint has a notched superior edge, and on its inner side it

is hollowed out to receive the third joint ; the hinge between the two
gives a free movement antero-posteriorly.

The number of serrated bristles on the third, fourth, and fifth

joints has increased. They are all on the superior surface, i.e. next the

second maxillipede.

The Pereiopods, per, Plates ix., x., and xi.

I. (Side view, Figs. 69 and 76 ; ventral view. Fig. 85). The pereiopods

in the first Zoea stage are hollow buds packed closely together on each
side of the oval-shaped rudimentary sternum {th). They are all more
or less club-shaped, the first pereiopod being distinguished from the

others by its greater size and swollen end. The remaining buds resemble
one another much. They are arranged round the sternum, and on
account of the oval form of the latter the fifth pereiopod is brought
round nearer the median line than the others. It is in this way often

hid when the buds are examined in side view.

The buds of the branchiae (6r, Fig. 69) are seen in this stage. There
is a large hollow outgrowth from the outer side of the first pereiopod,

and two small similar buds from the outer sides of the second and third

pereiopods respectively. The hollow interior of the bud of the branchia
is continuous with that of the pereiopod bud : this is seen better in the

later stages.

The buds of the pereiopods show no segmentation.

The sternum of that part of the thorax is rudimentary like the limbs

that pertain to it, and it separates easily off as an oval disc : it shows
some traces of segmentation.

The gut in this part of the Zoea is interesting. The gut is in the

adult straight, and so it is in the Zoea except at this part, where it is

convoluted (Fig. 162, Plate xii.). The convolutions allow for the

gradual expansion of this region with its growth during the Zoea period,

without any extra growth having to take place in the gut which is

functioning.

II. (Figs. 73 and 84). The bud of the first pereiopod is now bifid.

The hollow structure of the pereiopods is well seen in Fig. 73. They
have thick walls.
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III. (Fig. 74). The buds have grown rapidly. There is an indica-

tion of a basal joint being segmented off on the cliela. In one example
also the dactylopodite was segmented off on the chela.

IV. (Figs. 67, 79, and 82). The pereiopods are now segmented. The
first joint consists of the proximal part, i.e. the future pleuron. The
jointing is distal to the gills in the first three pereiopods (Figs. 67 and

79). Beyond that there are five segments. The pereiopod is divided

into six joints, in which the first becomes the pleuron {ap^ ib.), and the

remaining five joints form the adult pereiopod. The complete segmen-

tage into six joints was not found in every lY. Zoea, e.g. in Fig. 82 only

five joints were made out.

Megalops (Figs. 89, 90, 93, 95, 105, 106). In this stage all the

pereiopods are functional. The 6-jointed state of the previous stage is

now replaced by a 7 -jointed condition, in which the first joint is the

pleuron, and the remaining six form the walking limb, the joints being

the coxopodite (cox), basi-ischiopodite (b-isch), meropodite (mer), carpo-

podite {ca7y), propodite {prop), and dactylopodite (dact), Fig. 90. The
basi-ischiopodite is so named from the view that it represents the union
of the basiopodite and ischiopodite joints of the walking limb of the

Macrouran.* It is interesting that no such union is shown in its

development. Instead of any reduction taking place in the number of

joints, the resulting number is the maximum amount of segmentation

through which the limb passes. It is probable that the basi-ischiopodite

joint is segmented off from the third joint in the IV. Zoea (i.e., counting

the pleuron as the first joint).

The pereiopods in the Megalops have certain characters which belong

to this stage and which vanish in the next stage. These consist in a

large hook on the distal part of the basi-ischiopodite of the chela, short

toothed spines on the dactylopodite (and propodite) of the second, third,

and fourth pereiopods, and the long curved spines which so well

characterise the dactylopodite of the fifth pereiopod.

The drawings of the 1-5 pereiopods—viz. Figs. 106, 95, 93, 89, and
105 respectively—do not show the whole limb, but simply that part distal

to the fracture plane, which occupies the same position as in the adult,

(on the proximal part of the basi-ischiopodite). The differences between
the limbs are found on these parts. Fig. 90, however, shows the com-
plete fifth pereiopod, and Fig. 101 is an enlarged drawing of the

coxopodite and basi-ischiopodite joints. There is little difference to

remark between the coxopodites of the pereiopods except that of size

(Fig. 149, PI. xii.). In the preserved specimen the limb breaks off

readily at the fracture plane : this is especially the case where the

Megalops or young crab has been killed in the preserving fluid.

All the limbs are well furnished with smooth hairs. The coxopodites

have a few hairs, which are usually plumose (Fig. 101).

1st Pereiopod (Fig. 106). The first pereiopod is a functional chela.

The basi-ischiopodite joint is expanded at its distal inner border into a

strong curved hollow hook. Spread over the different joints are

the short hairs shown in the sketch ; the propodite and dactylopodite

are profusely supplied with these (Fig. 109). Along either side of the
" knife-blades " are three (or two) of the short stiff curved hairs which
were found in a similar situation on the chela of the VI. (Megalops)

stage of Crangon vulgaris. The knife-blades are crossed by what
appear to be little tubes ; a bundle of these is seen in the claw termina-

tion of each jaw. In connection with similar tubes found in the chela

of Crangon, it was suggested that possibly by these a lubricant of soma

* Leon Fredericq.
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sort is poured out on the blades. The other hairs on the hand midway
between the blade and the edge resemble those close to the latter in

being stouter and less tapering than the hairs on the margins of the
hand, dactyl, and other joints. When the jaws are closed their hook
tei'miiiations cross over one another and interlock.

2-5 Pereiopods. In general appearance the remaining four pei eiopods

i-esemble one another much, but they are at once separated into two
groups. The fifth pereiopod is easily distinguished from the others by
the presence of the long bristles on the dactylopodite. It is moreover
considerably smaller than the other three. The second, third, and
fourth limbs on careful examination show distinctive characters by
which each may be recognised apart from the others.

The number and arrangements of the hairs which were found on each
limb are shown in the drawings : it is only necessary to draw attention

to the distinguishing marks. They are found on the dactylopodite and
propodite. In the second (Fig. 95) and third (Fig. 93) pereiopods there

are on the under surface of the dactylopodite three toothed spines. The
integument where these are attached is thickened and strengthened
(Figs. 94 and 92). On the distal lower corner of the propodite there

is another of these toothed spines (Figs. 91, 93, and 95). In the fourth

pereiopod the last-mentioned toothed spine is absent (Figs. 89, 99). The
latter appendage is by this fact separated f j om the second and third

pereiopods. The second pereiopod may be readily distinguished from
the third by its possessing a long spine {sp) on the dorsal surface of the
dactylopodite (Fig. 95).

The hairs found on the fifth pereiopod are shown in Fig. 105. A
little way short of the tip of the dactylopQdite three long curved bristles

are attached to the lower edge of joint (Fig. 102). The stoutest bristle

is, on its last third, furnished on the inner side of its curve with a

double row of teeth (Fig. 96) ; in one row the teeth are very large, in

the other much smaller. The longest bristle is more slender than the

preceding, and is minutely serrated at its tip. The short bristle is

smooth.

1. (Figs. 100, 113, 111, 116, 108, and 110.) The pereiopods have
changed considerably. The large hook is absent from the chela, and
the propodite and dactylopodite have no toothed thorns. The fifth

pereiopod resembles the second, third, and fourth. They are still,

however, very difierent from those of the adult stage.

All are profusely supplied with hairs, plain and ciliated
;
they are

also covered with the minute ''needle-point" cilia. The anterior surface

of the chela has comparatively few of these little teeth. On the

coxopodite, basi-ischiopodite, meropodite, carpopodite, the " needle-

point " cilia are restricted to the borders of the joints. There are few
near the jaws ; some are found on the hand. The posterior surface is

thickly covered, with the exception of the greater part of the dactylo-

podite. On the other pereiopods the " needle-point " cilia are present

on both sides.

The sparsely plumose (or ciliated) hairs on the limbs (Fig. 107) have
the cilia arranged all round the stem of the hair.

The chela (Figs. 100 and 113) is very thickly provided with ciliated

hairs. The posterior surface is shown in Fig. 100 and the posterior in

Fig. 113. The knife-blades are not exactly on the same level, so that

they pass on to one another when the jaws are closed. The hinge of

the dactylopodite is seen in Fig. 115. On the carpopodite there is a
hooked tooth (Fig. 133).

There are in this stage no marks such as served to distinguish the

limbs from one another in the Megalops ; minute difierences which have
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escaped notice may be present. The fifth pereiopod is the shortest ;
the

propodite joint is shorter than in the second, third, and fourth limbs.

The hairs on the dactylopodite are longer in the former than in the

latter.

As in the previous stage, only the part of the limb distal to the

fracture plane is shown in most cases. Fig. 126 shows the complete

fifth pereiopod, and Figs. 123 and 140 show two views of the coxopodite

and proximal part of the basi-ischiopodite of the chela. Fig. 114

represents an enlarged drawing of the coxopodite and basi-ischiopodite

of the fifth pereiopod.

Beanchi^, br.

The branchiie, as Glaus* pointed out, are all appendages of the liinb,

and the positions which they occupy on the developing limb determine

them as the future podobranchs, arthrobranchs, or pleurobranchs. In

this connection, Claus wrote as follows :
—" An jener entsprechen die

drei iibereinander sprossenden Kiemenknospen jedes Somiten gar nicht

dem sinne der Huxley'schen Nomenclatur, sondern gehbren dem langges-

treckten Basalglied an, von dem sich erst nachher der distale Theil

als Coxalglied absetzt, wahrend der proximale mehr oder minder weit

in die Wandung des Rumpfes aufgenommen wird."*

Compare also, in this connection, E. L. Bouvier :
—" Sur le developpe-

ment embryonnaire des Galatheides du genre Diptychus." Comptes

Rendus Acad. Sc. Paris, cxiv (1892).
The branchiae are not functional in the Zoea stages. During the

Zoea period they are developing, and in the Megalops certain of them
are functional. These are the two arthrobranchs attached to the chela

and the two pleurobranchs of the second and third pereiopods

;

they are completely cut up into lobes. The other gills—viz., those of

the second and third maxillipedes— are not yet lobed.

I. The rudiments of most of the gills can be seen in the I. Zoea,

they are all parts of appendages. The future branchia3 of the third

maxilhpede and of the pereiopods are all hollow outgrowths of he
hollow rudiments of these appendages. In the I. Zoea, then, we have
the beginnings of the future arthrobranchs and pleurobranchs. On the

third maxillipede and the chela are the buds of arthrobranchs, and on the

second and third pereiopods buds of pleurobranchs. In Fig. 69, PI. ix.,

a drawing of these is given. It is there seen that the gills of the second

and third pereiopods br'") arise from the basal part of the limb-

bud, while the large gill-rudiments of the chela (W) and of the third

maxillipede (br) arise farther up the limb-bud. In the former couple we
have pleurobranchs, in the second arthrobranchs. The pleuron of the

adult is formed out of the basal part of the limb ; and this basal portion

includes the gill in one case, and ends just at the gill in the other, so

that the gill occupies a position between the limb and its basal part

(pleuron).

The large swellings of the third maxillipede and of the chela become
each a pair of arthrobranchs.

In one view of the second maxillipede (Fig. 85) a process of the first

protopodite joint was seen (br ?). It may be the rudiment either of a
gill or an epipodite, or what is not unlikely, of both.

II. (Figs. 84 and 73). In the II. Zoea, on the third maxillipede there
are now three swellings—the top one, an epipodite, the lower two, gills.

The gill of the chela is still single.

* Claus, "Neue Beitriige zur Morphologie der Cnistaceen." Arb. a. d. Zool. Inslit.

Wien, T. vi., 1886. 6Taf., p. 1.
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The continuity between the cavity of the limb and that of the gill is

well seen in this stage.

III. (Fig. 74). The gill of the chela is now double.
IV. (Figs. 67 and 79). The separation of the limb into its basal part

(pleuron, ap) and the limb proper has taken place, and the gills of the
pereiopods are, although not yet functional, now large, and show their

relation to the limb proper.

The epipodite and two gills of the third maxillipede are well

developed.

The process on the second maxillipede which was noticed on the
I. Zoea is now prominent (Figs. 66, 67, and 174). It represents

probably the epipodite and one gill.

Megalops (Figs. 80, 64. and 86).—The gills connected with the

pereiopods are now functional, and they occupy the positions they do in

the adult. The two arthrobranchs of the chela are attached to a space

between the pleuron and the coxopodite, ar-b?' {'2); in the case of the
second and third pereiopods the pleurobranch is attached to a cii'cular

opening in the pleuron (pl-hr, Fig. 80.)

On the second maxillipede (Fig. 64) the gill and epipodite are attached

to the first joint of the protopodite. They both rise from the same
stem. The gill is a podobranch, and is yet unsegmented. The second

gill, viz. the arthrobranch, which is found attached to this appendage in

the adult was, if present, not noticed.

On the third maxillipede (Fig. 86) three gills are found in this stage,

none of which are segmented. Two are arthrobranchs
;
they are the

gills present in the Zoea stages. There is also a small gill attached to

the second protopodite joint close to the origin of the epipodite ; it and
the epipodite are probably developed from the long epipodite process

seen in the Zoea.

1. The podobranch of the second maxillipede {br, Fig. 71) shows
some segmentation in its proximal part. A second plain gill (br ?) was
made out in one case. The gills are very liable to be knocked off in

dissection, and unless the maxillipedes are separated from one another

the relations of the parts are not satisfactorily made out.

On the thii'd maxillipede (Fig. 88) only one of the gills is divided into

lobes—viz., the larger arthrobranch. The other arthi'obranch and the

little podobranch have still the smooth outline.

In my paper on the larval stages of Crangon vulgaris it was stated,

with reference to the gills of the pereiopods, that starting from the

podobranch condition they passed thiough an arthrobranch (non-

functional) stage (V.) and that in the Megalops (YI. stage) they appear

as functional gills (pleurobranchs) for the fii'st time. Re-examination
of these stages has show^n that the interpretation of the developing gill

in the V. stage as an arthrobranch is wrong. In that stage it is a

pleui^obranch.

The description given above of the epipodites and gills shows a close

similarity between them in their origin and development. This is

especially the case in the second and third maxillipedes, where a

podobranch and an epipodite are apparently derived from the one bud.

The development of the epipodite of the first maxillipede is included

in the description of that appendage, p. 148.

[Table.
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The branchia formula of the adult Carcinus mcenas is as follows :

—

Podobranchiaj. Arth robranchia; Pleurobranchia;.

First Maxillipede, Epipodite

Second Maxillipede, Epipodite 1 1

Third Maxillipede, Epipodite 1 2

First Pereiopod (chela), 2

Second Pereiopod, 1

Third Pereiopod, 1

Abdomen, ab, Telson, T, Pleopods, pi, Plates xi. and xii.

I. Abdomen (Figs. 118 and 131). The abdomen consists in the

I. Zoea of five joints and the telson. On the hind lateral edge of the

first joint there is a little tubercle, from the middle of the second joint

a conical process pi^ojects on either side. These processes have
probably a mechanical function, since in certain positions of the

abdomen they will abut on the hind border of the carapace. They will

tend to limit the movement of the abdomen. The hind lateral

border of each of the second and fifth segments projects backwards
over the beginning of the succeeding joint, and it is minutely notched.

On the dorsal hind edge of each of these segments there is a pair of

short plain hairs. The integument of each joint is a cylinder.

Pleopods. The pleopods are found in this stage as long, somewhat
oval bodies composed of large rounded cells

;
they are situated on the

under-surface of the abdominal segments Figs. 118 and 131).

These bodies are seen on all the five abdominal joints. On the first

joint the body is hemispherical (Fig. 181). Although in structure

resembling the rudimentary pleopods in the other joints, it does not

give rise to a pleopod. Its ultimate condition was not determined.

The pleopod buds in the I. Zoea are referred to by Spence Bate as

follows :
—" Close observation will detect the germs of the future

pleopoda, upon one or two [abdominal segments], situated laterally and
inferiorly.' *

Telson. The telson (Figs. 122 and 118) is in the adult the shield of

the anus ; in the Zoea it, in addition to protecting the end of the gut,

performs other functions. It is of the form usually found in

Brachyurus Zoea. It is deeply forked : each leg curves gently back-

wards, and tapers to a delicate point. On the dorsal surface of each

leg there are three long teeth, of which the proximal is the smallest,

the distal the largest, and the median in position, intermediate in size

between the two others. The teeth are smooth On the inside of the
furca, arranged on either side of the anal angle, are three stout

spines which are elaborately serrated. Three different sets of

serrations may be made out on each side of the spine (Fig. 120). The
proximal third is provided with large teeth, the middle third with
smaller teeth, and the distal third is lined to within a short distance of

the sharp tip with minute serrations. The inmost spine of each group
has also on the inner side three long cilia ; sometimes a cilium is found
on its outer side. The serrations on the two sides of the spines were
not found to be in focus at the same time ; it is therefore probable that

* Op. at.
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they are not exactly opposite one another. The telson exemplifies

Mayer's typical number of spines— 14.

The anus opens on the ventral surface of the telson (an, Fig. 157).

The end of the gut issues through a round aperture {op) in the integu-

ment.
II. Abdomen, Pleopods (Fig. 124). The only noticeable feature of

the abdomen in this stage is the larger size of the rudiments of the
pleopods (pi). They are still single.

Telson (Fig. 119). The telson is rather longer and slightly
,

narrower in proportion. On each leg of the furca one tooth only was
made out.

III. Abdomen (Fig. 117). The joints of the abdomen retain the
characters of the I. Zoea. Another joint has, however, been added to

the abdomen by the segmenting ofi' of the proximal part of the telson,

which now forms the sixth abdominal joint {6, Fig. 121).

Pleopods {ih). The pleopods now project from the hind ventral

part of the joint, not apparently through the integument, but issuing

between the hind border of the one segment and the beginning of the

next. They are paired, and are little conical protuberances which in

some cases show a faint line of segmentation off from the abdominal
joint. The pleopod of the new or sixth segment does not project

externally. The projecting pleopod buds belong to the second, third,

fourth, and fifth segments.

Telson (Fig. 121). The telson is much shorter comparatively than
in the previous stage, owing to the separation just in front of the anus
of the last abdominal joint, otherwise it has not changed from II.

Zoea. Two small hairs were, however, seen on each furcal leg. The
anus opens on the telson.

lY. Abdomen (Fig. 129). The backward-directed portions of the
lateral integument of certain of the joints is more pointed than
rounded.

Pleopods {ih). The four pairs of pleopods of the last stage are now
long spatulate processes. The pleopods of the sixth abdominal seg-

ment appear as small processes {ih), and 5 Fig. 137. They are

more widely separated from one another than are the individuals of

the other pairs.

Telson (Fig. 137). The tooth on the furcal leg is reduced to very

small proportions. The serrated spines on either side of the furcal

angle have remained unchanged during the Zoea stages.

Megalops. The Abdomen (Figs. 138 and 143) has approached

nearly to the adult form. It remains extended (Fig. 152), however,

and is never tucked in under the thorax. A few short plain hairs are

found on its dorsal surface ; a pair of these is found on the dorsum of

each segment except the first and sixth, a pair is situated on the

hind inferior corner, and a varying number along the hind dorsal edge

of each segment.

The Telson (Figs. 143, 127, a and h) is rounded, with its hind

border a little flattened. On its dorsal surface there is a pair of short

hairs. On the ventral surface the anus opens.

The Pleopods (Fig. 138) are five pairs, attached to the second,

third, fourth, fifth, and sixth segments of the abdomen. The first four

pairs are similar to one another
;
chey are biramous, the exopodite

being large and spatulate in shape, the endopodite a short oval process.

The fifth pair of pleopods, which arises from the hind ventral region

of the sixth segment, are 1 -branched and very much smaller than the

preceding pleopods (Fig. 127, a).

The pleopods are the swimming organs of the Megalops, and each

exopodite of the first four, and the single-branched fifth, are provided
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with a fringe of plumose setie. These resemble the setse with which
the exopodites of the maxillipedes of the Zoea are supplied.

The first—fourth pleopods are formed of a single protopodite

joint (Fig. 130), from which rise the paddle-like exopodite, eaj, and the

short oval endopodite, en ih. The pleopods differ in size. Of the first

four, the first is the largest, the fourth is the smallest, and the second

and third are intermediate in size.

From the margin of the distal half or two-thirds of the exopodite

project the plumose setse, which, shortest proximally, increase in length

the more distal their origin (Figs. 142, 132, 130, and 141). There are

usually 11 setae on the exopodite of the first and fourth pair of

pleopods, and 12 (or 13) on the second and third pleopods. In each

case there are two terminal setse, and four on the external margin.

In the first and fourth pleopods there are five on the internal margin,

and in the second and third pleopods six set?e on that edge. But the

number on the internal edge varies. I have not noticed any variation

in the number of the outer series, though it probably exists. No
number greater than seven was found on the inner margin, making
13 setae on the exopodite. In the case of two second pairs of

pleopods, in each the exopodite on one side had 13 setas, and on the

other side the exopodites had 12 and 11 respectively.

The endopodite bears on the internal face of its extremity three or

four curved hooks (Figs. 134 and 136). By means of these the

endopodites of a pair of pleopods are locked to one another, in this

way stifiening the pair into a single double-paddle, and thereby

increasing its efliciency.

The endopodite is not completely segmented ofi* from the proto-

podite (Fig. 134). It is a rigid process of the latter. At its junction

with the basal joint there is a large bulbous thickening of the integu-

ment, which serves to strengthen and give elasticity and rigidity to

the part. The hooks, too, arise from a thickened bed of chitin.

The fifth pleopod is a single-branched appendage ; it consists of two
joints (Fig. 127, a). The first joint has a broad base. The second joint

bears five plumose seta", two terminal, two on the outer edge, and one
on the inner edge close to the apex of the joint. The respective lenghs
of the seta3 are shown in the drawing. This pleopod lies beneath the

telson, and in a dorsal view of the abdomen is hid by it.

1. The Abdomen (Figs. 145 and 151) now in general form resembles

the adult condition. In the adult the shape of the abdomen is a sexual

character, that of the female being broad, that of the male narrow.

In this, the first young stage, we have an intermediate condition, a
nou-sexual state. It is narrower in comparison than the abdomen of

the female and broader than that of the male.

The abdomen no longer functions as a swimming organ ; it is tucked
up against the thorax, to which it adheres closely, lateral movement
being prevented by the tubercles (t. Fig. 164) on the eleventh somite {i.e.

that to which the second pereiopods belong). In the adult the tubercles

fit into depressions on the sixth abdominal segment. They prevent
lateral movement of the abdomen, and their function in this stage is

probably a similar one. They are much larger in the adult male than
in the female crab.

The abdomen is profusely adorned over its dorsal surface with ciliated

hairs (Fig. 128). The arrangement and number of these is shown in

Fig. 151. Over the telson and the lateral parts of the dorsum of each
segment except the first, there are considerable numbers of the minute
aeeile point " cilia,
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The Telson (Figs. 151 and 158) now functions simply as the shield of

the anus. It has not yet adopted the adult form ; in the latter the

telson is of a triangular form, with a more or less pointed apex. The
telson may be raised from the thorax independently of the abdomen.
In this stage the dorsal surface is provided with ciliated hairs, and it is

also covered with the minute surface cilia.

The Pleopods (Figs. 145 and 156) have degenerated in this stage.

In absolute measurement, although the crab itself has increased greatly

in size, they are smaller than the pleopods of the Megalops. The
abdomen now being closely fitted into the hollowed surface of the

thorax, they can no longer function as swimming organs, and they have
not yet taken on their adult sexual form. They are devoid of setse and
hooks (Fig. 156) ; one or two minute hairs are seen on the exopodites.

The fact that the endopodite is merely a process of the basal joint, not

a separate branch, is well seen in this stage.

The fifth pleopod (Fig. 156) is a small shrunken process, in which the

separation into two joints is not always visible.

2. In the second young stage the pleopods are similar to those of the

first young stage, but smaller.

External Sexual Characters.

In the second young stage the external sexual characters have not

appeared. I have not followed the development of the pleopods farther

by successive stages, but the swimmerets of the female and the penes

of the male appear very soon after the second stage. The breadth of

carapace in the latter is about 2"5 mm.
In a crab measuring 5| mm. across the greatest breadth of tlie cara-

pace, the female sexual characters were found. The swimmerets were
present in their adult form, consisting of a 1 -jointed exopodite and a

2-jointed endopodite (Fig. 165). Neither branch bore any hairs at all.

The position of the vulvae, viz. in the twelfth somite, that to which the

third pereiopod belongs, was indicated by little clear depressions, but
there were no openings. In a female 9 mm. across, the vulvse were
small clear circles (apparently not yet perforated) ; the swimmerets
resembled those of the adult female, but very few hairs were present on
each branch.

In a crab measuring 5| mm. across (greatest breadth of carapace), the

male sexual characters were found. The two penes were present, the

anterior (1 p) and the posterior (2 p), Fig. 155. No trace of vulvie was
seen in this specimen. The tubercles on the eleventh somite were
prominent. A small clear area, not very distinctly made out, was
noticed on the coxopodite of the fifth pereiopod, in the situation occupied

in the adult by the external opening of the vas deferens.

No distinction in the breadth of the abdomen which separates the

adult sexes was yet apparent.

The Eye, o,

I. (Figs. 159, 161, 163). The eye of the I. Zoea resembles that of

Crangon vulgaris * in that its cornea is a specialised portion of the

carapace. Drawings of the moulted carapace of the first Zoea are

shown
;
oblique side view Fig. 161, and ventral view 163. The cornea

is labelled, o.

The median eye was not made out, although an irregular black area

was seen in the region where the median eye was to be sought for.

Op. ci*.
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IT.-IV. In the remaining Zoea stages the eyes are quite free from

the carapace, and have very short stalks. Fig. 157 represents the eye

of the IV. Zoea.

Megalops (Figs. 152 and 153). The eyes have very long thick

stalks, through which they are projected laterally well out beyond the

edge of the orbit.

In succeeding stagtis, development, so far as concerns the eye, consists

in its gradual reduction in size, and in its shifting from a lateral to an

antero-posterior position,

1 (Fig. 167). The eyes are much reduced in comparative size.

2, 3, and 4 (Figs. 173, 170, and 171). The eyes are now bending

forward. The eye is, however, too large to be contained within the

orbit.

Crab 5-5 mm. across (Fig. 172). The eye can now lie down in the

orbit.

Adult (Fig. 168). The narrowing of the frontal region has brought

the eyes closer together. The bend in the eye stalk was first noticed in

the third and fourth young stages. The eyes are now very small.

The eye has simply taken part in the general alteration in the anterior

half of the carapace.

Carapace, Plates xii. and xiii.

I., II., III. (Figs. 159, 148, and 147). The carapace of the Zoea

except in possessing the dorsal spine, similar to that of a Macrouran.

It is prolonged in front into the long, almost straight, rostral spine ; and
from the middle of the dorsum, immediately over the heart, rises the

curved dorsal spine. In these stages no hairs were found on the edge

of the carapace,

lY, (Fig. 146). The carapace is as in previous stages, except that

there is now a row of small ciliated hairs attached on the inner side

of the margin.

Megalops (Fig, 153).—The dorsal spine has disappeared, and the

rostral spine is reduced to small dimensions. Over the surface of the

carapace, and round the hind lateral border, there are distributed

small plain hairs. The hairs are symmetrically arranged as shown in

the sketch. The frontal region is broad, and the eyes are in conse-

quence widely separate. It has no lateral teeth.

The carapace is longer than it is broad.

1. (Fig, l66). The four lateral teeth appear in this stage, and of

these, two are more prominent than the others. The corner of the orbit

might be regarded as a tooth, but it is not properly so designated. The
general form of the carapace is nearly circular. It is just about as

broad as it is long. The broad frontal region is noteworthy. The
rostral spine has disappeared, and the frontal area shows a trilobed

waving.

The carapace is covered on its dorsum with the minute "needle-

point" cilia, and it is supplied with ciliated and plain hairs. The
ciliated hairs which are located on or near the edges are similar to the

ciliated hairs found on the dorsum of the abdomen (Fig. 128). The
plain hairs are scattered over the dorsal surface of the carapace. The
minute cilia are very thickly distributed : in the drawing their size is

exaggerated.
" From the first to the sixth young stage the carapace assumes its

normal shape by a gradual increase in its width compared to its lengt^h.

With each successive moult the lateral toothed margins are pushed
more forward and the teeth become more prominent." (Brook.*)

* Op.

L
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Op. Cunningham's* description of the early young stages of Cancer
pagurus. In this form also the carapace of the early crab stages is

longer than broad.

2. (Fig. 173). The carapace is now approaching the adult shape.

It is slightly broader than long. The shortening of the carapace
results in pushing out the toothed area on either side.

The broad frontal region still persists.

The minute cilia are still present on the carapace.

3. (Fig. 170). The lateral teeth are a little farther out. The hind-

most tooth now projects considerably beyond the level of the corner of

the orbit. The frontal region is still very broad, and it shows the

trilobed waving.

The lateral teeth are gradually becoming of one size.

Tbe " needle-point " cilia are seen on the carapace.

The carapace is considerably broader than long.

4. (Fig. 171). The lateral toothed border is now distinctly farther

forward than in the previous stage. The frontal region remains prac-

tically unchanged.

The "needle-point" cilia are still present.

In the cast measuring 4*25 mm. of Waddington's series, No. 1, p. 165,

the " needle-point " cilia were not made out, but little tubercles were
seen scattered over the dorsum of the carapace.

Crab 5*5 mm. across (Fig. 172). In this specimen not much change

in shape is noticed. The lateral teeth are now nearly all of one size.

The minute cilia were not made out in this specimen.

Adult.—The change from the last crab to the adult condition (Fig.

168, male, natural size) is a gradual lessening of the breadth of the

frontal region, and a pushing forward of the toothed border into an
antero-lateral position. The reduction in breadth of the frontal region

is accompanied by the emphasising of the trilobed waving into three

distinct lobes ; the median projects a little in front of the other two.

The tri-lobed frontal region develops by the gradual pushing out of

the central lobe (rostrum). In the series of casts of No. 1 of

Waddington's collection (p. 165) the change in the frontal region is

well shown. In the cast measuring 7'5 mm. across, the rostrum is seen

to project very slightly in front of the broad frontal region. The three

lobes are not distinct in this series until a size of 18 mm. is reached.

In this stage the three lobes are well marked, but the lateral lobes are

not so sharply cut off from the edge of the orbit as in the adult stages.

Thorax.

In the I. Zoea (Fig. 85) the thorax appears in two distinct parts

—

the anterior narrow portion which bears the first and second raaxillipedes,

and the posterior part bearing the buds of the third maxillipede and the

pereiopods. Its sternal surface is oval in shape, and it may be

separated off, from the buds surrounding it, as an oval plate. In this stage

it forms a comparatively small part of the sternum of the cephalothorax.

During the remaining Zoea stages it increases in size with the

growth of the buds of the appendages, but even in the TV. Zoea it does

not yet bear its true proportion to the rest of the body : segmentation

may be traced in it (Fig. 150).

In the Megalops (Fig. 149) the part of the thorax that has developed

during the Zoea period, now forms the greater part of the sternum of

the cephalothorax. Although the abdomen is not tucked up under the

thorax, the latter is depressed posteriorly along the median line.

* Cunningham, ** On the early post-larval stages of the common crab (Qancer pagurus),
and on the affinity of that species with Atelecydns heterodon." Proc. Zool. Soaj. Lond.,
Mar. 1898. 1 pi.
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In the first young stage (Figs. 164 and 169) the two tubercles are

present. The sternum is covered with the minute " needle-point

"

cilia, except over the surfaces covered by the abdomen.
Sexual characters are not seen. They were made out in crabs

measuring 5| and 5| mm. across.

Sizes of the Different Stages.

The drawings of all the stages are done on the same scale.

Alongside the enlarged drawings of the I. -IV. Zoese and of the

Megalops, first and second young stages, outlines are placed representa-

tive of the natural size.

In comparing the Zoea stages, the distance between the tips of the

rostral and dorsal spines was taken as the standard of measure-

ment.

Stage.
Number of

Specimens.

Distance between
the Tips of Rostral

and Dorsal Spines,

I. 1-3:: 1-5.

IT. 1 2.

III. 2 2-3 : 2-4.

IV. 1 3.

Megalops and succeeding Stages.

For the Megalops and succeeding stages two measurements were taken

of the carapace—(1) The greatest breadth. In all, except the Megalops,

this is at a fixed point, viz. behind the hindmost lateral teeth. (2)

Length of the carapace, i.e. the distance between the tip of the rostrum
and middle of the hind border of the carapace.

1

Stasre.
Number of

Specimens.

Greatest
Breadth.

Mm.

Greatest
Length.

Mm.

Megalops 1 M5 1-5

1 . 2 1-6 : 1-75 1-7 : 1-7

2 . 2-4 2-2

3 . 3-4 3-1

3a 3-1

4 . 3-9 3-3

4a 4-0
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With the exception of 3a tiie stage of each of these young crabs was
known, since they were reared in the Laboratory from the Megalops
stage. They are not, however, successive casts of one individual.

The crab 3a was found on the beach, and from its size it is probably

a specimen of the third stage. It cast in confinement, and the resulting

form appears in the Table as 4a.

Food of Megcdops.

In the ffeces of a Megalops there was a large quantity of diatoms.

Rate of Growth of Carcinus mamas.

In the growth of the crab a considerable amount of variation occurs.

This is due to the fact that increase in size only occurs after a moult,

and the amount of the increase varies not only with the individual, but

also in the same specimen in different moults. It is, however, possible

with a fair amount of certainty to separate the crabs into year groups, as

will be shown later, if attention be given in the case of small crabs to

the month in which they are captured.

In 1884 Brook published a series of observations on the rate of growth
of Carcinus. He confined a number of specimens until they passed

through a series of moults. He at that time wrote—" It would appear

impossible to judge either the age of any particular specimen, or the

number of ecdyses which it had passed through, from a casual observa-

tion of it on the sea coast, and even in confinement a number of ecdyses

must be passed through before any reliable information is obtained."

He was of the opinion that two of his specimens which he reared from
the Megalops stage, A and B, would have reached the breadth of 35 and
56 mm. respectively when two years old.

For several years Mr. H. J. Waddington, Bournemouth, has devoted

attention to the rearing of this form. He has succeeded in obtaining

a very complete and valuable series of casts of various specimens. The
results of his work he has courteously communicated to me, and with

his permission they are incorporated in the present paper.

They refer to 11 individuals which were kept in confinement for

periods varying from 7 to 34 months. The particulars, consisting of

the size* of each moult-stage and its date, are given in Table I. The
first date and size refer in each case to the size and date of capture.

For three Waddington series, viz. Nos. 8, 9, and 10, Table I., I am
indebted to Meek's paper on the " Rate of Growth of the Crab."t

Alongside the measurement of each cast the ratio of increase is given,

and the interval that elapsed between each two moults is appended.

I have also ai'ranged the data regarding five of Brook's specimens in

a like manner in Table II,

The size consists in the Oreatest Breadth of the Carapace,

t Nurthumherland Sea Fisheries Committee. Report on the Scientijii' Investigations for the
year 1902. Newcastle-upon-Tyne, 1903, p. 58.

[Table



of tlie Fishery Board for Scotland. 165

•S^13(J

—

JO

•ran

05 O (N (N

T-|^ r^-^

JO

oi^'^H

—ozig

8 =

<M ^ i-l kO

JO

-9Zlg

05 -tl CO

JO
oi^'By;

r-, l-J

JO

OlI'BH

cpcp cpcpcqqoc<J ^

oo

PL,

CO CO
O

c5

O

o OS 00



166 Part III.— Twenty-first Annual Heport

I !

i I

o
o

o

Eh

o
I-H

: : (M i-H (M Oi t-i0 VO CO
(M

P
r-H Op i-H ip

: -||M hkd

•ttlW 0 (M 1H »P in CO 9"
aZIg 1

rH rH oC <^ ^

ft

1897.

23

Feb.

-

8

April

-

30

May

-

10

July

-

31

Aug.

-

19

Oct.

-

1898.

7
June

-

oi

: rH 1^ 0 C5S
CO 00 1-H ^ f>l

rH

•osBaaouj

JO
OT^13y;

1/3-1 1/3-7 1/2-5 1/3-9 1/3-9 1/3-9

0 ^ >p ip Vp

<£> Oi 00
>—1 I-H (M lO

-2
OS

ft

189(5.

12

Sept.

-

25

Oct.

-

1897.

14

Jan.

-

11

April

-

30

July

-

7
jet. 1898.

17

May

-

06

• ••^COCDOOOCO-^OO^COCO(MC0C-'CO^

JO

C<) CO CO l^-:-

: Ha ^ co^ M

c5

a
1896.

19

Aug.

-

31

„

14

Oct.

-

1897.

8
Jan.

-

4

April

-

2
May

-

6
June

-

12

July

-

15

Aug.

-

2
Oct.

-

30 34 51 64
103 nearly

2
yrs.

JO
oic^By;

kp CN Oi

1 HO rf* co_ H« •

—azig 16-5
19-25 24 30 37 46-5 62 >>

died.

0
-tj

cS

ft

1899.

7
July

6
Aug.

-

9
Sept.

-

30

Oct.

-

1900.

2
Jan.

-

15

April

-

1902.

Jan.

Ai>ril

-

0+

0

•sltJd—
^BAja^uj

: :00>oo(Moot>-;NO(M-'*Tj<cOCOt-^COCOCOl->.OSCO
I-H (N

JO

OI^^'JJ

—8Z}g

1— cp op ip 00

:jo^<bcoH*'^rH'^H't<Nt^ :

rH T-H I-H rH rH' rH rH

0 c<i ip 0 05 OS CO 10«ooooi'~''— 'eoC^c^w^'^

6

1
1900.

19

June

-

4
July

.

13

Aug.

21

Sept.

-

29

Oct.

-

1901.

9
Jan.

27

May

-

3
July

-

3
Sept.

-

12

Nov.

-

1902.

8
Sei)t.

-

1903.

1
May

-



of the Fishery Board jor Scotland. 167

TABLE I.

—

contvmted.

The Moulting of Carcinus manias—Waddington's Series.

No. 11.

Date. ia Ratio

i

of
Increase.

Interval

—Days.

Date.
Size- Mm.

Ratio of Increase.
Interval

—Days.

1901. 1901.
14 May 14 Oct. 9-5 1/2-1 25

17 n - 12 Nov. - 12-5 1/3-1 29

29 „ 2 12 13 Dec. - 16-5 1/3-1 31

1902.

13 June 3 2 15 28 Feb. - 22 3 77

26 „ - 4 1
3 13 16 April - 28-5 1/3-3 47

10 July - 4-5 1 14 29 June 35-5 i 74

3 Aug. - 5 24 17 Oct. - 43-5 1/4-4 110
1903.

1 Sept. - 6 I 29 21 Mar. - 52 1/5-1 155

19 „ - 6-5 1

1^ 18 April -
>)

I
Table
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An examination of the two Tables shows that, as Brook pointed out,

moulting takes place more frequently in the summer months than in the

Avinter. Casting is not, however, confined to the warm months, but

occurs in every month of the year.

That the protection afforded the crabs in confinement may have
stimulated growth is possible ; and while their frequent casting during
the first year may be due in some measure to the regular and certain

provision of food, still it has been assumed that the growth indicated by
the above specimens is not greater than that of the more favoured
individuals in the free state.

In order to compare the frequency of moulting in different individuals,

Waddington's and Brook's specimens have been set out in Table III. In
it the month in which each moult took place and the resulting size of

the crab are shown. At the top of each series the authority for it is

indicated by means of a letter and number. B refers to Brook, and the

number or letter accompanying it relates to the form thus designated

in his paper in the Annals and Magazine of Natural History (V.) 14,

1884, p. 202 el seq. The others refer to the individuals particularised

in Table I.

[Table
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TABLE III.

1. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 22. n\
_1

B. W. W. B. W. B. W. W. B. W. W. W. B. B. B. W. W. B. B. W. B. B.
!

S. 'J. 10. A? 8. Z. A. B.

Month.
I.

Megalops

—

-March (V)

II.

M.—
Al'RlL (?)

III.

M.—May. M.-
IV.

-June (?)

V.
M.—AuctCst (?)

April . 2-6

Maj- .

June

July .

Aug. .

Sept. .

Oct. .

Nov.

3-3

6-25

9-75

12-5

15-75

6-5

8-25

9-5

12

15

6
7-5

10

14

\

/

12-5

16-5

{

{

12

15

9

3

4-5

5

6
6-5

9-5

12-5

4-75

5-75

7
9-25

12

\
1

2-5

3-75

5

6

/•5

2-5

3

3-5

4

4-75

6-25

3
o-o

4

1

2-3

3
4-1

•9*

1-5

2-3

3

3- 1

-9*

1-15

1-6

1-85
2-5

3-25
4-25
5-75
7-5

-9'

1-6

2-3

'i 1

4-2

j

Dec. . 16-5 16 9-5 7-5 4-5 10

Jan. 21 19 21 20 5-5 5-2

Feb. . 19-5 20-5 22 9 13-5

Mar. . 12-75 5-1 18

April . 24-5 29-5 28-5 8 12 16 16 8 6-7

May 23-75 26-5 10 14 13 10
1

1

June . 30-75 35-5 26 15-5 12-5 22 23 17-5 13 16-5 89

July . 36 29 37 35 19-75 15-5 18-5 28 30-5 23 17 19-25 11-6 15-5;

Aug. .
25-5 19 25 31 22 24 15-5 14-5

1

18-5

Sept. . 36 32 24-5 30 20

Oct. 46-5 43-5 33 33 28 37 29 23

Nov. . 48-5 39 39

Dec. . 41

Jan. 46-5

Veh. .
51 29

Mar. . 52 53

April . 62

May . 58-5 42 48 37

June 42-5

Jul V 56

Aug. .
59-5 45

Sept. . 55

Oct. 55

Nov.

Dec. .

Megalops.
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Among specimens less than a year old, found at any date, a large

amount of variation in size will be found. This is in part due to the

fact that the young of Carcinus are hatched during a period of several

months. It therefore happens that in the autumn some have gained a

considerable size, e.g. ^ inch, while others may not exceed ^ inch. The
hatching period, as stated above, lasts from March till at least the end
of July.

The Megalops stage has been selected as a convenient period from
which to calculate the age of the crab. Three of the crabs, viz. Nos.

19, 20, and 21, Table III., were reared from the Megalops. No. 7 was
probably in the first young stage when it was found, and Nos. 10 and
11 (2*5 mm.) have been regarded as belonging to the second young stage,

i.e. one cast has intervened between it and the Megalops. Nos. 2, 3, and 4

had probably already passed through six moults when captured. They
measured respectively 6, 6-25, and 6-5 mm. I have assumed that the three

last had been in the Megalops stage in March, and that No. 7 was at a

similar stage in April, and Nos. 10, and 11 in May. No. 16 (3 mm.) is

in the third stage, and is supposed to have been a Megalops in June.

In this Table the attempt has been made to arrange together crabs

that were probably hatched out in the same month. For this purpose

five different groups have been recognised among the crabs that compose
the series. In the case of the crabs which were very small when cap-

tured the month in which they were in the Megalops stage may be fixed

for all practical purposes with certainty. These crabs of known age then

form the standard by which the ages of larger crabs are judged.

In the first group are included those crabs which were in the Megalops
stage very probably in March. Group II. contains certain crabs

which were in the Megalops in April, and Group III., in May. The
supposed June crabs appear in IV., while in V. are included four, the

ages of which are known.
Crabs Nos. 5 and 6 are admitted into the first group

;
they measured

12 '5 and 12 mm. respectively in September, and are evidently the young
of the hatching season just ended. The age of these crabs may then

with reason be estimated on the date of capture to be only a few

months.
The number of casts that the young crab passed through in its first

year varied. Thus No. 21 cast 8 times in its first twelve months ; No. 20,

however, cast 1 1 times in its first seven months ; while No. 1 9 cast only 6

times in the first seven months. No. 7 had moulted 1 3 times at least in its

first year, while Nos. 10 and 11 had passed through 9 (?10) ecdyses in

the same time. Regarding Nos. 2, 3, and 4 as being when captured in

their sixth young stage, we have at the end of the year (end of February)

11, 11, and 10 casts respectively.

The five groups are divided by horizontal lines into 1-year periods, the

year being calculated from the Megalops stage.

Great variation is found in the size of the crab when one year old

No. 21 at the end of the first twelve months measured 11'6 mm. ; No.

7 measured 22 mm., and Nos. 10 and 11, 8 and 12*75 mm. respectively.

Assuming that Nos. 2, 3, and 4 were in the Megalops stage in March,
which is the earliest in the year that we are justified from our knowledge
of the hatching season in fixing, they cannot at the end of February be

more than one year old. They then measured respectively 19, 19*5, and
21 mm. in breadth. The most marked difference is, however, seen in

Nos. 19, 20, and 21. The first and last are Brook's specimens. No. 20 is

one of Waddington's series. The latter in seven months reached a breadth

of 18 mm., while the former were at the end of the same period 5*1 and
5*2 mm. respectively. The crabs were not exposed to identical condi-
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tions, and this variation shows how much the growth of the crab may-
be affected by its environment. It is, moreover, to be noted that in the
case of No. 20 the rate of increase at each moult was, to begin with,
very small, and so it happened that No. 19 gained a larger size in four
months than Waddington's (No. 20) reached in five months.

The size at the end of the first twelve months is obtained from
crabs Nos. 7, 10, 11, and 21, the ages of which are known exactly.

They measured respectively 22 : 12-75 : 8 : 11*6; these figures give an
average of 13-5 mm. In the four sizes given we have probably the
upper and lower limits of size after one year's growth, viz. 22 and
8 mm. The crab will not, it is believed, grow to a greater size than
22 mm. in the first year, and no crab is probably less than 8 mm. when
it is a year old.

Crabs Nos. 12, 13, 14, 15, and 23 are about one year old, while Nos.

9, 17, and 22 are in their second year. Crab No. 23 appears to have
been in the Megalops stage later in the year than August, probably in

September.
From the size of the crab when captured, we can tell, by considering

the month when it was found, whether the crab is or is not a year

old. The size alone without the date is in the case of the small crabs

of little value. For example, a crab that measured 13 mm. in May
would probably be over a year old, whereas one of that size captured in

September would be six or seven months old.

The crabs then have been arranged in Table III. according to the

age which their size and date of capture seem to indicate. The crabs

of known age are taken as a standard of comparison.

Column V. contains one series about which there might be some
doubt as to its being properly included there. It is No. 22. In August
when captured it measured 14*5 mm.—that is, very little greater than
No. 2, which was regarded in August as being only a few months old.

The former has, however, been placed in the second year, mainly on
account of the large size which it reached (56 mm.) at the end of one
year in captivity.

During the second year the casts were still numerous in certain

cases ; that was especially so in the case of crabs which commenced the

second year at a small size. The more frequent casting of the latter

then enabled them to overtake the larger specimens. And so at the

end of the second year the differences in size between the crabs tend

to get eliminated or altered in a difierent sense, the smaller of the

first year becoming the larger at the end of the second year. This

is well shown by Nos. 10 and 11. No. 11 commenced the second year

at a size of 8 mm., while No. 10 measured 12'75. The former moulted
eight times to the latter's five, and at the end of the second year it

measured 53, while No. 10 had reached only 39 mm. The difierent rate

of growth in the second year may have been in some measure due to

sex; No. 11 was a male and No. 10 a female. A good example is,

however, shown by Nos. 7 and 11. They are both males. At the

beginning of their second year they measured respectively 22 and 8 mm.

:

during the second year No. 7 moulted four times, No. 1 1 eight times,

and at the end of the period they had reached 52 and 53 mm. in

breadth. The number of moults during the first two years was then

15 to 17. The sizes of the crabs which are known to be two years

old are—Male (Nos. 7, 11), 52 and 53 mm. : female (Nos. 3, 10), 48*5 :

39 : and the arrangement of the Table gives the following in cases

where the crab was not reared from a very small size :—Male, 56 : 45 (?)

;

female : 35 ; sex not noted, 33 : 46*5 : 62. The average sizes for

those of definitely known age are, at the end of two years—Male, 52*5

;
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female, 43-7. The inclusion of the other males and females just noted

reduces the averages to—Males 51*1 mm., and females 39 '3 mm.
Three crabs (Nos. 3, 10, and 11) lived to complete their third year.

They measured respectively—Male 59*5, female 55 : 55. The crab No.
17, which was 62 mm, broad in its second year, did not cast again

during the succeeding twenty months ; it died soon after that interval.

60 mm. may be taken as the size of the three-year-old male and 55
for the three-year-old female.

The conclusions regarding the rate of growth of the crabs under
discussion are as follows :

—

1 Year, 8-22 mm. Average 13*5 mm.

2 Years,
{ 5 35:48.n„.

Average
{

•{

6 51 mm.
$ 39 mm.

3 Years, ^ ^
' o5 mm.

Meek estimates the rate of growth as follows :

—

One year, average 9 mm. : two years, average 37 mm. : three years,

average 55 mm. : four years, average 69 mm.
The discussion has rested principally on Waddington's series, and of

these the specimens which were got at a very early stage are especially

valuable. The larger crabs which were introduced into the second year

division had, by their subsequent growth, apparently justified the

arrangement followed.

The number of specimens under consideration is small, and it is

difficult to know how far the conclusion may be legitimately applied

directly to the crab in nature. A considerable amount of variation was
shown in the growth of the crabs in their first year, and this it may be

taken for granted occurs in nature, possibly to as great a degi-ee as in

the confined crabs. In the second year there was a tendency to eliminate

the differences, a hastening of the development in the backward
specimens up to the level of the more forward individuals.

It appears very probable that the results will agree on the whole very

closely with the life of the crab in the free state.

Moulting—The Eatio of Increase.

The number of moults through which a crab passes in a year appears

fairly constant. Thus during the first year they were 8 to 11 in

number; in two years, 14 to 17; and in three years 16-18. That
moulting does not depend on the supply of food alone is apparent from
the fact that the ratio of increase is so variable, vide Tables I. and II.

The ratio of increase, that is the actual increase (mm.) at a moult, divided

by the previous size of the crab, varies from y^- to f : it is very often

about |. In the earliest stages the moults follow one another rapidly,

sometimes two {e.g. Nos. 7, 18, 19) or even three (No. 20) occurring

within a month. The rate of growth decreases with age (Meek). The
Tables do not show a regular decrease in the ratio, but the decrease in

the rate of growth is (sfiected by the less frequent moulting or its cessation

altogether.

Early Spawning.

Two females, Nos. 3 and 10, extruded their eggs in winter before the

end of their third year. One of them extruded its eggs the previous
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winter, i.e. before it was two years old. They had been reared from the

size of 2*5 and 6 mm. respectively. Neither had during its captivity

been in contact with the male crab. The eggs did not become properly

attached to the swimmerets : they were all thrown oft' within a month
of extrusion.

Absorption Area on Chela.

A part of the shell of the coxopodite of the chela becomes decalcified

at the time of casting, a soft area similar to that found in the lobster at

that time, appearing in the crab also. This is regarded by Herrick as

an arrangement necessary for permitting the withdrawal of the chela

from its shell.

Dr. Hansen, Copenhagen, and Dr. Caiman, British Museum, have
kindly assisted me with references to literature.
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LIST OF DRAWINGS.

The Drawings were all outlined by means of the Camera lucida. The hair and
spine arrangement is shown identically as found in the appendages in nearly all

the sketches. In Figs. 36, 55, 77 (2 m). 166, 170, and 173 the hairs are not re-

produced in identical number nor position.

Letters Used.

a.—antennule.
ab.—abdomen.
nn.—anus.

A.—antenna.
ap.—pleuron.
h~isch.—basi-ischiopodite.

br.— branchia.

car.— -carapace.

carp —carpopodite.
cox.—coxopodite.
cr.—crown (mandible).
dact.—dactylopodite.

e.—cutting edge(mandible).
en.—endopodite.
ep.—epipodite.

ex.—exopodite.

fr.—fracture plane.

sr.—gut.

ga.—ganglion.

I.-IV.—lst-4th Zoea stages.

1 m.—first maxilla.

2 m.—second maxilla.
mer.—meropodite.
mn.—mandible.
mp (1-3). --1st, 2nd, and 3rd maxilli-

pedes.

o.—eye.

per (1-5).—lst-.5th pereiopod.
pi.—pleopod.
prop.—propodite.
prot.—protopodite.
St.—sternum.
sw.—swelling, bud of flagellum (A).
t.—tooth.

T.—telson.

th.—thorax.
1-4.—lst-4th young stages.

EXPLANATION OF PLATES.

The magnifications (in diameters) are approximate.

Plate VII.

Fig. 1. End of first joint of jointed branch of antenna, I. Zoea.
Fig. 2. Antennule, I. Zoea

; ga. ganglion,

Fig. 3. Antennule, II. Zoea, .....
Fig. 4. Antennule and antenna. III. Zoea,

Fig. 5. End of first joint of jointed branch of antenna, III. Zoea.
Fig. 6. Antenna and antennule, IV. Zoea,
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Fig. 7. Antenna of first young stage (1), .

Fig. 8. Mandible, I. Zoea; e. cutting edge; t. tooth; cr. crushing crown,
Fig. 9. Mandible, IV. Zoea,

Fig. 10. Mandible, first young stage,

Fig. 11. Antenna, Megalops,
Fig. 12. Hair of first maxilla. III. Zoea.

Fig. 13. First maxilla, IV. Zoea, .

Fig. 14. First maxilla, I. Zoea,

Fig. 15. Palp of first maxilla, III. Zoea.

Fig. 16. Antenna, I. Zoea, .

Fig. 17. Antenna, II. Zoea,

Fig. 18. Basal joints, antennule, first young stage, left side,

Fig. 19. Tips of sensory tubes of antennule, first young stage.

Fig. 20. Antennule, first young stage, part of.

Fig. 21. Antennule and antenna, first young stage, right side,

Fig. 22. Mandible, III. Zoea, ....
Fig. 23. Antenna of first young stage (the first two joints are not shown),

same specimen as fig. 21.

Fig. 24. Mandible, II. Zoea, ......
Fig. 25. Labium I. Zoea, ......
Fig. 26. a. Mandible of Megalops ; h. palp of do.,

Fig. 27. Hairs of palp of mandible, first young stage.

Fig. 28. Spine of first maxilla, I. Zoea.

Fig. 29. Antennule, Megalops, ......
Fig. 30. End of first joint of jointed branch of antenna, II. Zoea.
Fig. 31. Spine of first maxilla, I. Zoea.

Fig. 32.

Fig. 33. Ventral surface, cephalic region, I. Zoea,

Fig. 34. Spines of first maxilla, I. Zoea.

Fig. 35. First maxilla, III. Zoea, ......
Fig. 36. First maxilla, IV. Zoea, palp abnormal. This and that repre-

sented by fig. 13 are from the same specimen.
Fig. 37. First maxilla, II. Zoea, ......
Fig. 38. First maxilla, III. Zoea, two basal lobes,

X 48
X 220
X 200
X 120
X 120

120
220

220
220
120

120
120
120

X 220
X 220
X 120

X 120

X 100

X 120

X 220
X 220

Plate VIII.

Fig. 39. Second maxilla, II. Zoea, . . . . . . x 220
Fig. 40. Second maxilla, IV. Zoea, . . . . . x 120
Fig. 41. First maxillipede, IV. Zoea, . . . . x 57
Fig. 42. First maxilla of first young stage, . . . . x 220
Fig. 43. First maxillipede, Megalops, . . . . . x 120
Fig. 44. Spine of second maxilla, I. Zoea.

Fig. 45. Second maxilla, I. Zoea, . . . . . . x 220
Fig. 46. Second maxilla, Megalops, . . . . . x 120
Fig. 47. First maxilla, Megalops, . . . . . . x 220
Fig. 48. First maxillipede, first young stage, . . . . x 57
Fig. 49. Spine-bearing edges of basal lobes of first maxilliped(;, Megalops, x 120
Fig. 50. Spine of second maxilla, I. Zoea.

Fig. 51. First and second maxillipedes, II. Zoea, . . . . x 120
Fig. 52. Tip of exopodite of first maxillipede, III. Zoea.

Fig. 53. First maxillipede, III. Zoea. . . . . . x 57
Fig. 54. Spine of second maxilla, I. Zoea.

Fig. 55. Second maxilla, IV. Zoea.

Fig. 56. Spine from protopodite lobes of first maxillipede, first young
stage.

Fig. 57. First maxillipede, I. Zoea, . . . . . x 120

Fig. 58. Protopodite lobes of first maxillipede, first young stage.

Fig. 59. Second maxilla, first young stage, . . . . x 120

Fig. 60. Endopodite, first maxillipede, first young stage.

Fig. 61. Second maxilla. III. Zoea, . . . . . x 220
Fig. 62. Spine of protopodite of first maxillipede, first young stage.

Fig. 63.

Plate IX.

Fig. 64. Second maxillipede, Megalops, . . . . . x 120
Fig. 65. Second maxillipede. III. Zoea, . . . . . >: 57
Fig. 66. Second maxillipede, IV. Zoea, . . . . x 57
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Fig. 67. First, second, and third maxillipedes, the pleura {ap. ) and
basal joints of pereiopods and branchiae (6r.), IV. Zoea, . x 120

Fig. 68. Second maxillipede, I. Zoea, . . . . . x 120
Fig. 69. Third maxillipede, 1-4 pereiopods, and branchiae, I. Zoea, . x 220
Fig. 70. Endopodite, second maxillipede. III. Zoea.
Fig. 71. Second maxillipede, flrst young stage (a. teeth on exopodite), . x 120
Fig. 72. Spine of first joint of endopodite, third maxillipede, Megalops.
Fig. 73. Pereiopods, II. Zoea, x220
Fig. 74. Third maxillipede, and pereiopods, III. Zoea, with branchiae, . x 120
Fig. 75. Spine of endopodite, second maxillipede, first young stage.
Fig. 76. Second maxilla, maxillipedes, and pereiopods, I. Zoea, side view, x 220
Fig. 77. Terminal spine of endopodite, third maxillipede, Megalops.
Fig. 78. Terminal joints of endopodite, first maxillipede, I. Zoea.
Fig. 79. Second and third pereiopods, IV. Zoea; ap. pleuron; ^A. thorax.
Fig. 80. Pleura, and coxopodites of pereiopods ;

Megalops, 1-5, coxo-

podites; l'-5', apodemes.
Fig. 81. 2nd-5th joints of endopodite, third maxillipede. Megalops.
Fig. 82. Pereiopods, IV. Zoea, external view, . . . . x 60
Fig. 83. Endopodite of second maxillipede, I. Zoea, . . . x 220
Fig. 84. Third maxillipede, pereiopods, and branchiae, II. Zoea, . . x 120
Fig. 85. Ventral view of thorax, rudimentary third maxillipede, and

pereiopods, I. Zoea, . . . . . , x 220
Fig. 86. Third- maxillipede, Megalops, . . . . . x 120
Fig, 87. Spine of endopodite, second maxillipede, Megalops, first young

stage.

Plate X.

Fig. 88. Third maxillipede, first young stage, . . . . x 48
Fig. 89. Fourth' pereiopod (part of *), Megalops, . . .

' x 57
Fig. 90. Fifth pereiopod, Megalops, . . . . . x 57
Fig. 91. Distal end of propodite of third pereiopod, Megalops.
Fig. 92. Distal toothed spine on dactylopodite of fourth pereiopod,

Megalops.
Fig. 93. Third pereiopod (part of), Megalops, . . . , x 57
Fig. 94. Distal toothed spine of third pereiopod, Megalops ; t. tubes.

Fig. 95. Second pereiopod (part of), Megalops, . . . . x 57
Fig. 96. Large teeth on long curved terminal spine on dactylopodite of

the fifth pereiopod, Megalops.
Fig. 97. Protopodite, and first joint of endopodite of third maxillipede,

Megalops.
Fig. 98. Endopodite aud exopodite of third maxillipede, first young

stage. Shows surface next the second maxillipede.
Fig. 99. Dactylopodite of fourth pereiopod, Megalops.
Fig. 100. First pereiopod (chela), first young stage, right side, . . x 57
Fig, 101. Coxopodite {cox.) and basi-ischiopodite (b-isch.) of fifth

pereiopod, Megalops
; fr. fracture plane on basi-ischiopodite

joint.

Fig. 102. Long curved spines on end of dactylopodite, fifth pereiopod,
Megalops.

Fig. 103. Endopodite and exopodite of third maxillipede, first young
stage. Shows external (ventral) surface ; cp. fig. 98.

Fig. 104. Dactylopodite of third pereiopod, first young stage. Shows
the surface hairs on under side, which are omitted from
the dactylopodite in fig. 116.

Fig. 105. Fifth pereiopod (part of), Megalops, . . . . x 57
Fig. 106. First pereiopod (chela) (part of), Megalops ; isch. portion of

basi-ischiopodite joint distal to fracture plane.

Fig. 107. Hair from meropodite of fourth pereiopod, first young stage.

Fig. 108. Fourth pereiopod (part of), first young stage, . . . x 57
Fig. 109. Jaws of chela, Megalops.
Fig. 110. Fifth pereiopod (part of), first young stage, , . . . x 57
Fig. 111. Second pereiopod (part of), first young stage, . . . x 57
Fig. 112. Dactylopodite of second pereiopod, first young stage, to show

the surface hairs on the lower side of the joint, omitted
from that part in fig. 111.

* The drawings of the pereiopods in nearly every case show only the part of the
appendage distal to the fracture plane {fr.), viz., that part of the limb which may be
thrown off by the crab.
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Fig. 113. First pereiopod (chela) (part of), first young stage, to show the
hairs on the upper or anterior surface of the appendage, . x 57

Fig. 114. Coxopodite and basi-ischiopodite joints of fifth pereiopod, first

young stage.

Plate XI.

Fig. 115. Hinge of dactylopodite of chela, first young stage.

Fig. 116. Third pereiopod (part of), first young stage, . . . x 57
Fig. 117. First four abdominal joints. III. Zoea ; jo/. pleopod, . . x 57
Fig. 118. Abdomen, I. Zoea, . . . . . . x 120
Fig. 119. Telson, II. Zoea; an. anus, . . . . . x 120
Fig. 120. Long toothed spines of telson, I. Zoea.
Fig. 121. Telson, III. Zoea, . . . . , . x 57
Fig. 122. Telson, I. Zoea ; 5 ah. fifth abdominal segment, . . x 120
Fig. 123. Coxopodite, and portion (&.) of basi-ischiopodite, proximal to

fracture plane [fr.).

Fig. 124. First four abdominal joints, II. Zoea, . . . . x 120
Fig. 125. Second abdominal somite, ventral view, II. Zoea.

Fig. 126. Fifth pereiopod, first young stage.

Fig. 127a. Telson and fifth pair of pleopods, Megalops, ventral view.
Fig. 127&. Telson, Megalops, dorsal view, ....
Fig. 128. Hair from dorsal surface, abdomen, first young stage.

Fig. 129. Abdomen, IV. Zoea, .....
Fig. 130. Third pleopod, Megalops, ....
Fig. 131. First, second, and third abdominal segments ; pi. pleopod

ventral view, ......
Fig. 132. Second pleopod, Megalops, ....
Fig. 133. Carpopodite joint of chela, first young stage.

Fig. 134. Basal joint (protopodite) and endopodite of third pleopod,
Megalops, . . . . . . . x 220

Fig. 135. Long hair from ischiopodite of fourth pereiopod, first young
stage.

Fig. 136. Hooks on ends of the two endopodites of the first pleopod,
Megalops.

Fig. 137. Telson, IV. Zoea ; 5 pi. fifth pair of pleopods, . . . x 57
Fig. 138. Abdomen, Megalops, side view ; the pleopods are not completed, x 57
Fig. 139. Telson, I.Zoea, ventral view, showing the circular aperture {op.)

in the integument through which the end of the gut and
anus projects, . . . . . . . x 140

Fig. 140. Coxopodite and portion of basi-ischiopodite proximal to the
fracture plane, of chela, first young stage, sternum.

Fig. 141. Fourth pleopod, Megalops, . . . . . x 57
Fig. 142. First pleopod, Megalops, . . . . . x 57
Fig. 143. Abdomen, Megalops, dorsum, . . . . . x 35

X 57
X 57
X 57

X 57
X 120

X 100
X 57

Plate XII.

Fig. 144. Third pleopod, Megalops, . . . . . x 57
Fig. 145. Abdomen, first young stage, . . . . . x 60
Fig. 146. IV. Zoea, . . . . . . . . x 19

Fig. 147. III. Zoea, . - . . . . . . x 19
Fig. 148. II. Zoea, . . . . . . . . x 19
Fig. 149. Sternum, Megalops, . . . . . . x 57
Fig. 150. Sternum (thorax), IV. Zoea, . . . . . x 120
Fig. 151. Abdomen, first young stage, external surface, . . . x 57
Fig. 152. Megalops, . . . . . . . x 19
Fig. 153. Carapace, Megalops, . . . . . . x 57
Fig. 154. Cephalic region, Megalops, ventral surface, . . . x 57
Fig. 155. Penes ; 1 p. anterior penis ; 2 p. posterior penis, of a Carcinus

mcenas, measuring 5*5 mm. across the greatest breadth of

the carapace . . . . « . x 120
Fig. 156. Third pleopod, first young stage, . . . . x 120
Fig. 157. Eye of IV. Zoea, . . . . . . . x 220
Fig. 158. Fifth pair of pleopods, and telson, first young stage, . . x 120
Fig. 159. I. Zoea, . . . . . . . . x 19
Fig. 160. Protozoea, . . . . . . . x 120
Fig. 161. Cast integument, I. Zoea, side view, o. cornea, . . x 48
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Fig. 162. Gut, I. Zoea, showing convoluted condition of the gut in the
rudimentary thoracic region ; g', straight anterior portion of

gut ; (/", portion of gut dorsal to the developing third

maxillipede and the pereiopods.

Fig. 163. Cast integument, I. Zoea, ventral view ; o. cornea ; r. rostrum, x 48
Fig. 164. Sternum of thorax, first young stage, t. tubercle, . . x 4S
Fig. 165. Third swimmeret of Carcinus mamas (0^^ measuring 5| mm.

across the broadest part of the carapace, . . . x 120

Plate XIII.

Fig. 166. Carapace, first young stage, . . . . . x 57
Fig. 167. First young stage, . . . . . . x 19
Fig. 168. Carapace of adult Cam'jiMS JTicems

(^(^^
natural size.

Fig. 169. Ventral surface of first young stage. The hairs, etc., on the
external surface of the abdomen are not shown, . . x 57

Fig. 170. Third young stage (drawn from a moulted integument), . x 19
Fig. 171. Carapace of a fourth young stage, . . . x 19
Fig. 172. Half of carapace of a young Carcinus mcenas measuring

5"5 mm. across, . . . . . . x 10
Fig. 173. Second young stage, . . . . . . x 19
Fig. 174. First and second joints (protopodite), second maxillipede,

IV. Zoea.



180 Part III.—Twenty-first Annual Report

IV. — REPORT ON THE OPERATIONS AT THE MARINE
HATCHERY, BAY OF NIGG, 1902. By Dr. T. Wemyss
Fulton, Scientific Superintendent.

In previous reports the methods and arrangements in connection
with the hatching of plaice have been described, the principal conditions

of successful working being the providing of a good stock of adult fishes

to furnish the spawn, and an abundant supply of pure sea water of

proper density for the hatching apparatus.

Since the erection of the hatchery on its present site in the autnmn
of 1899, it has been found possible, by means of the large, sunk, tidal

pond, to keep a breeding stock from one season to another instead of

renewing it yearly, as was previously the case. Under the former-

system it took a considerable time for the fishes to become accustomed
to confinement, and many of them did not spawn, but retained their

eggs, and died in an egg-bound condition, and thus the quantity of

fertilised spawn obtainable from a given number of fishes was materially

reduced.

At the end of the hatching season in 1901 the number of plaice

remaining in the pond was found to be 767, most of which continued

to thrive during the summer and autumn. To these others were added
in the winter, the fishes being procured on board steam-trawlers provided

with large covered tubs, through which a constant circulation of water

was maintained, and which were transferred to the hatchery and the

fishes placed in the pond. At the end of November 21 were obtained

from Aberdeen Bay, in December 345 from Burghead Bay in the

Moray Firth, and early in January 120 from off* the coast of Caithness.

As is always the case, a considerable number of the newly-introduced

fishes succumbed later, chiefly in consequence of injuries and abrasions

received in the course of capture by the trawl-net, and partly as the

result of abrasions in the tubs, where they were sometimes confined for

several days. The breeding stock for the season was estimated to

number about one thousand plaice of both sexes.

During the latter part of January the temperature of the water in

the pond was rather lower than usual, and few eggs were observed

to have been shed until the early part of February. The first collection

was made from the spawning-pond on the 8th February, when about

20,000 eggs were obtained, and on the next two days alDOut the same

quantity. Owing to a hard frost occurring on the following days the

temperature of the water sank and spawning was checked, and no

further collection was made until the 17th, when 40,000 were obtained.

In the first half of March the number of eggs greatly increased, over

two millions, and occasionally nearly three millions, being taken from

the pond daily, the aggregate up to the 16th March being over

38,000,000. After this period the number diminished in March and

still more in April, and the last collection was made on the 25th of

April, viz. 20,000.

During the season the large total of 72,410,000 eggs were obtained,

or about seven millions more than in the preceding year. It is believed

that this large total was mainly owing to the thorough acclimatisation

of the majority of the spawners during the year or more in which they

were kept in the tank. It may be said that the fishes in the course of

time become very tame, instead of withdrawing themselves and skvilking

at the bottom of the tank as is the habit with those newly introduced.

They frequently swim about the surface at the sides of the tank in
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expectation of being fed, and gather together when the attendant

appears
;
they even take food from one's hands. They are fed nearly

entirely on common mussels and thrive upon this diet. During most
of the year two or three pecks a day suffice, but in the autumn, some
months before the spawning season, they receive a more libenil allow-

ance, up to four pecks, and soon get into very good condition.

In the process of incubation in the hatching apparatus, 16,630,000,

or nearly twenty-three per cent , of the eggs died, a slightly higher

percentage than in the previous year, when it was a little below
twenty-one per cent., and which was probably owing to rather much
overcrowding at times, and particularly when the burst of spawning
occurred in the early part of March. The estimated number of fry

produced was 55,700,000, and they were put into the sea partly in

Lochfyne and mostly off the coast of Aberdeen. The Table giving the

particulars from day to day is appended. It was prepared by Mr. H.
Dannevig, who was in charge of the hatching work, and who was
appointed at the end of the season to the newly-created office of

Superintendent of Pisciculture under the Government of New South
Wales, a Marine Hatchery, partly stocked with European fishes, which
Mr. Dannevig took to Australia with him, being in course of erection

near Sydney.

The tidal spawning-pond continues to give satisfaction, and has

enabled the expense of the work to be very considerably reduced, since

comparatively little pumping is required, except during the few months
the hatching work is going on. It measures ninety feet in length by
thirty-five in breadth, and has an average depth of nearly eight feet,

one end being ten feet deep. The tide is admitted by a twelve-inch

pipe controlled by valves. A still larger tidal-pond on the same
principle has been constructed in connection with the new Marine
Hatchery built at Port Erin by the Manx Government, which is

nearly 100 feet long by 50 feet in breadth and from three to ten feet

deep.

As will be seen from the Table the specific gravity of the water
remained high and pretty uniform throughout the season, never sinking

below 1027"3 and usually ranging about 1027*7.

Later in the summer, at the request of fishermen on the coast of

Aberdeen, and Mr. Maconochie, M.P., the hatching of lobsters and
edible crabs was undertaken at the hatchery by Dr. Williamson, the

larval crabs and young lobsters being liberated at the northern nart of

the coast and in the Moray Firth. The number of larval crabs thus

dealt with was about 4,500,000, and that of young lobsters, most of

which were reared through several stages and in some cases had very
nearly assumed the form of the adult, was about three thousand.

From the combination of the hatchery with the marine laboratory,

and the provision of a large tidal pond, the expense of the hatching
work is much diminished, the annual expenditure amounting to a little

over c£100, the principal items being the maintenance of the apparatus

and plant, food for the fishes, and coals.

[Tablfs.
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TABLE I.—Showing the Daily Progress of the Hatching Operations, as well

as the Temperature and the Specific Gravity of Water in the Hatchery^

the Pond, and on the Beach.

Date.
Nvimber of

Eggs
Collected.

Number of

Eggs
round iJe.ia

in Boxes.

Number of

Fry
put out.

Total Stock
in Boxes,

The Sea
Water in the
Hatchery
at Noon.

The Sea
Water in the

Pond
at Noon.

The Sea
Water on the

Beach
at Noon.

Temp. Sp. gr. Temp. Sp. gr. Temp. Sp. gr.

Feb. 8 20,000 20,000

Cent.
4-0 27-3

Cent.
2-8 27-4

Cent.
4-8 27-4

„ 9 10,000 30,000 3-7 27-3 3-1 27-4 5-0 27-5

„ 10 10,000 40,000 3-0 27-4 2-6 27-4 5-1 27-2

„ 11 40,000 2-5 27-3 2-2 27-6 4-9 27-0

„ 12 40,000 1-0 27-3 2-1 27-6 4-9 27-2

13 40,000 0-1 27-2 1-6 27-5 4-8 27-0

» 14 40,000 0-5 27-4 2-3 28-0 4-8 27-0

„ 15 40,000 0 0 27-5 2-4 27-8 5-0 27-1

„ 16 40,000 1-0 27-6 3-0 27-9 5-0 27-1

„ 17 40,000 25,000 55,000 1-5 27-5 2-6 27-6 5-2 27:2

„ 18 75,000 130,000 1-5 27-5 2-8 27-6

„ 19 90,000 220,000 1-0 27-6

„ 20 125,000 345,000 2-3 27-7 3-0 27-4 5-2 27-4

„ 21 180,000 525,000 2-1 27-6 3-2 27-2 5-0 26-9

„ 22 160,000 785,000 2-6 27-6

„ 23 220,000 30,000 975,000 3-1 27-8

„ 24 310,000 1,285,000 3-6 27-6

„ 25 250,000 1,535,000 4-2 27-7

26 400,000 1,935,000 4-5 27-6

„ '7 950,000 2,885,000 4-1 27-7

„ 28 800,000 80,000 3,505,000 3-8 27-8

March 1 1,160,000 4,665,000 4-2 27-6 4-5 27-6 5-1 27-5

2 1,300,000 50,000 5,915,000 4-7 27-5 4-5 27-4 4-8 27-6

„ 3 2,100,000 30,000 7,985,000 4-6 27-6 4-7 27-5 4-9 27-7

„ 4 2,600,000 10,585,000 1 -Q
iy

i -ai D
r.oo ^

„ 5 2,550,000 75,000 13,060,000 4-6 Tr^ 4-8 27-4 5-4 27-3

„ 6 2,450,000 80,000 15,430,000 5-0 27 -S 5 1 27-5 5-5 27-4

7
5 J ' 2,700,000 160,000 17,970,000 5-4 27-3 5-7 27-3 5-5 27-4

n 8 2,500,000 200,000 20,270,000 5-7 27-5 6-2 27-4 5-6 27-4

„ .9 2,100,000 120,000 22,250,000 5-8 27-6 6-5 27-3 5-4 27-5

10 2,500,000 150,000 24,600,000 5-9 27-4 6-4 27-4 5-C 27-4

„ 11 2,400,000 350,000 26,650,000 6-0 27-6 6-7 27-5 5-8 27-3

„ 12 2,250,000 240,000 28,660,000 6-3 27-7 6-6 27-5 5-6 27-4
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TABLE I.

—

continued.

Date.

Number of

Collected.

Number of

Eggs
found Dead
in Boxes.

Numl)er of

put out.

Total Stock
in Boxes.

The Sea
Water in the
Hatchery
at Noon.

The Sea
Water in the

Pond
at Noon.

The Sea
Water on the

Beach
at Noon.

Temp. Sp. gr. Temp. Sp. gr. Temp. Sp. gr.

Mar. 13 2,100,000 480,000 30,280,000'

Cent.
6-2 27-6

Cent.
6-4 27-5

Cent.
5-9 27-4

„ 14 1,950,000 530,000 31,700,000 6-4 27-6 6-3 27-6 6-1 27-5

„ 15 1,800,000 360,000 33,140,000 6-8 27-7 6-1 27-6 6-2 27-5

„ 16 1,860,000 35,000,000 6-5 27-6 5-9 27-7 6-0 27-5

„ 17 1,650,000 450,000 36,200,000 6-4 27-5 6-2 27-6 6-2 27-6

„ 18 1,800,000 500,000 37,500,000 6-1 27-4 6-1 27-4 6-1 27-7

„ 19 1,700,000 740,000 38,460,000 6-2 27-5 6-2 27-5 5-9 27-6

„ 20 1,650,000 460,000 39,650,000 6-1 27-6 5-9 27-4 6-0 27-6

„ 21 1,650,000 800,000 40,500,000 6-3 27-7 6-2 27-5 6-0 27-5

„ 22 1,650,000 540,000 41,610,000 6-4 27-6 6-4 27-6 6-1 27-7

„ 23 1,700,000 700,000 42,610,000 6-6 27-6 6-2 27-5 6-2 27-6

„ 24 2,100,000 650,000 44,060,000 6-7 27-5 6-1 27-5 6-3 27-5

„ 25 1,600,000 45,660,000 6-2 27-6 6-1 27-6 6-4 27-6

26 1,250,000 6,500,000 40,410,000 6-3 27-6 5-7 27-7 6-1 27-6

„ 27 1,140,000 200,000 41,350,000 6-1 27-8 5-8 27-8 6-3 27-9

„ 28 800,000 42,150,000 6-7 27-7 5-6 27-7 6-2 27-8

„ 29 870,000 220,000 4,750,000 38,550,000 6-6 27-6 5-5 27-6 6-3 27-5

„ 30 700,000 38,750,000 7-1 27-6 5-8 27-6 6-1 27-6

„ 31 960,000 39,710,000 7.0 27-7 5-9 27-7 6-1 27-8

Apl. 1 1,200,000 560,000 40,350,000 6-2 27-8 6-3 27-9 6-2 27-7

M 2 1,300,000 690,000 6,250,000 34,710,000 6-1 27-9 5-9 27-9 6-1 27-6

3 1,100,000 400,000 35,410,000 6-7 27-8 5-8 27-8 6-1 27-8

700,000 360,000 35,750,000 6-2 27-8 6-2 27-8 6-1 27-6

„ ^ 750,000 420,000 4,800,000 31,280,000 6-3 27-8 61 27-7 6-3 27-6

„ C 400,000 300,000 31,380,000 6-5 27-6 6-4 27-8 6-4 27-6

„ 7 600,000 330,000 31,650,000 6-8 27-6 6-7 27-6 6-6 27-7

„ 8 740,000 280,000 32,110,000 7-0 27-5 6-7 277 6-8 27-8

)5 9 660,000 440,000 5,500,000 26,830,000 7-3 27-4 6-8 27-6 7-1 27-3

„ 10 650,000 560,000 26,920,000 7-3 27-5 6-9 27-6 7-0 27-5

11 650,000 600,000 26,970,000 7-2 27-7 7-1 27-7 7-0 27-6

12 630,000 740,000 26,860,000 7-0 27-6 7-2 27-8 6-9 27-7

., 13 600,000 470,000 26,990,000 6-8 27-7 7-4 27-6 0-7 27-6
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TABLE I.—continued.

Date.
Number of

Eggs
Collected.

Number of

Eggs
found Dead
in Boxes.

Number of

Fry
put out.

Total Stock
in Boxes.

The Sea
Water in the
Hatchery
at Noon.

The Sea
Water in the

Pond
at Noon.

The Sea
Water on the

Beach
at Noon.

Temp. Sp. gr. Temp. Sp. gr. Temp. Sp. gr.

Apl. 14 610,000 540,000 27,060,000

Cent.
6-5 27-7

Cent.
7-3 27-6

Cent.
6-8 27-5

„ 15 580,000 300,000 4,300,000 23,040,000 6-5 27-8 7.5 27-5 6-5 27-4

„ 16 360,000 22,680,000 6-7 27-6 7-4 27-5 6-6 27-4

„ 17 500,000 300,000 22,880,000 6.8 27-4 7-4 27-6 6-7 27-4

„ 18 350,000 240,000 22,990,000 6-9 17-5 7-6 27-6 6-8 27-5

„ 19 380,000 280,000 5,600,000 17,490,000 7.3 27-5 7-8 27-5 6-8 27-6

,, 20 350,000 17,840,000 7-4 27-5 7-8 27-6 6-9 27-6

„ 21 200,000 220,000 17,820,000 7-4 27-6 7.9 27-6 6-9 27-4

„ 22 7,200,000 10,620,000 7-8 27-4 7-9 27-4 6-9

,, 23 260,000 10,880,000 8-1 27-4 7-8 27-4 6-7 27-4

„ 24 20,000 10,790,000 ... ...

„ 25 20,000 10,810,000

„ 26 ... 10-0 27-0

„ 27

„ 28

,, 29

30

May 1

O ^AA AAA
8,700,000

O T T A AAA
2,110,000

2,100,000

Totals, 71,410,000 16,630,000 55,700,000
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TABLE II.—Showing particulars in connection with the Distribution of Fry.

Date. Locality.

Temp,
of the
Water.

state
of the
Tide.

Condition
of Weather.

Number
of Fry
Planted.

Mar. 26th Two miles off Black Dog in 20 fathoms. 5-1° L.-W. N.W. wind,
strong.

6,500,000

„ 29th Off Girdleness in 30 fathoms. 5-3° 4 h.

ebb.
Calm. 4,750,000

April 2nd Between Don Mouth and Black Dog in

15 fathoms.

5-2° 2h.
flood.

Wind W., light. 6,250,000

„ 5th Off Black Dog in 15-20 fathoms. 5-4° Wind N.W. 4,800,000

„ 9th Off Don Mouth in 20 fathoms. 5-5° Wind variable. 5,500,000

„ 15th Off Girdleness in 20 fathoms. 5-1° N.W. swell. 4,300,000

„ 19th Off Girdleness in 25 fathoms. 5-6° Wind West,
choppy sea.

5,600,000

22nd In Lochfyne, halfway between Inveraray
and Strachur, | flood.

6-8°

(sp. gr.

jLO I)

Wind S.E.
strong.

7,200,000

„ 28th In Lochfyne, halfway between Inveraray
and Strachur, \ flood.

8,700,000

May 2nd Off Girdleness. 2,100,000
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A^—THE DISTRIBUTION, GROWTH, AND FOOD OF THE
ANGLER {Lophius piscatorius). By Dr. T. Wemyss Fulton,
F.R.S.E., Scientific Superintendent.

I. Distribution.

With regard to distribution, the angler is common lioth in the inshore

waters and in the greatest depths at which the trawlers work, but it

seems to be most abundant in water of moderate depth. In the course

of the investigations made on board steam-trawlers from Aberdeen
specimens were taken on the north-eastern grounds in from seventy to

eighty fathoms. Bourne took one on the west coast of Ireland in 200
fathoms,* Brown-Goode records specimens taken on the eastern side of

the Atlantic from 84, 142, and 365 fathoms,t and Holb and Calderwood
from 115 fathoms on the west coast of Ireland. q:

In the course of the trawling investigations 1956 specimens were taken

in recorded hauls, 155 on the distant grounds, 256 in Aberdeen Bay, and
1549 in the Moray Firth. The amount of fishing in th^ different areas

was, however, dissimilar, but the average number taken per ten hours'

trawling in the deep water on the north-eastern grounds, south-east and
south of the Shetland Isles, was 6*1, in Aberdeen Bay it was 15*9, and
in the Moray Firth 24-4. On the Great Fisher Bank in thirty-four

fathoms only five were taken in nine hauls in May, the proportion being
1*4 per ten hours' trawling. But while the proportion remained fairly

steady on the deep-water grounds, it fluctuated very considerably in the

inshore waters. In September on the former it was nearly 7 in ten

hours, in October 6, in May 5, in June 9. In the Moray Firth in those

months it was 5, 3, 66, and 6, and in Aberdeen Bay 4, 16, 68, and 5.

The averages for the various months in Aberdeen Bay and the Moray Firth

are as follows :

—

Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec.

Aberdeen Bay, 5 2 0-0 68 5 •27 4 16 8 0-0

Moray Firth, . 6 57 10 66 6 1 22 5 3 10 36

The proportions in the two areas do not correspond, and probably

show, therefore, that the abundance depends upon local conditions, as the

presence or absence of other fish, such as herrings, sprats, or shoals of

young whitings, which attract predaceous fishes. The angler, notwith-

standing its apparently slow power of movement, seems to be able to

collect where fishes, and especially small fishes, are abundant.

Whether this was the cause of the very large numbers taken in inshore

waters in May (609) is not clear. Whitings and haddocks, both large

and small, were at least very scarce at the time on the same grounds.

The larger proportion of the anglers taken in the Moray Firth were got

at Burghead Bay on the south coast, in water from five or six to about

twenty fathoms deep, and they were most numerous in February, when
as many as ninety were taken in a single haul, the average number per

ten hours' trawling being 103. In this case the presence of a shoal of

* Joitr. Mar. Biol. Assoc., New Ser., i., p. 310.

t Oceanic Ichthyology, p. 485.

XSci. Trans. Roy. Dublin Sac, v., Ser. ii., p. 415.
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herring was the cause ; and not only anglers, but numerous coJ, large

codling, and saithe, and some ling and hake, were also attracted. There

were few haddocks or whitings on the ground. The average numbers of

anglers taken on this ^ground in the various months, per ten hours of

trawling, were :—January 16, February 103, March 32, May 75, June 25,

July 12, August 47, September 5, and December 32 ; no hauls were made
on it in August, October, or November.

It is noteworthy that very young anglers, but still quite large enough

to be retained in the meshes of the otter-trawl, were exceedingly scarce,

a remark that indeed applies to the smaller individuals of many other

forms. From the great development of the head, comparatively small

specimens would be caught if they entered the net. Occasionally speci-

mens under seven inches are obtained, but not very commonly. Among
the measurements of 644 at different places and times I find the

following :

—

Under
8 inches.

Under
7 inches.

Under
6 inches.

Under
5| inches.

5 inches.

No. •• 57 30 13 6 1

of Total - 8-8 4-6 2-0 0-9 0-2

The comparative scarcity of the young anglers is very probably owing
to the reason that I have elsewhere suggested to account for the absence

of other young forms. They are obviously uncommon on bottoms suited

for trawling, or they would be taken in much greater numbers. A pelagic

habit in their case is out of the question much after the postdarval stage,

and it is probable, as I suggested some years ago,* that the young anglers

frequent rocky algse-covered ground where they can have shelter and also

suitable food. This view is supported by the large number of small anglers

that were taken in one haul in November on the edge of such rocky

ground—viz., offLybster, on the Caithness coast, in from twenty-three to

thirty-four fathoms, where the trawl-net not uncommonly comes to grief.

Of thirty-six anglers taken in this haul no less than twenty-seven were

under 200 mm. (7|- inches), and another was 201 mm. They are included

above, and thus make the proportion of the small anglers as indicated

much greater than in ordinary circumstances. The size ranged from 128
to 198 mm. (^Yg—7-}|- inches), the average being 153*5 mm., or a little over

six inches. These young anglers were feeding on sand-eels, which had
probably tempted them from their rocky fastnesses. The next sizes were

277, 298, etc., mm.
Of other 210 anglers got at various times iu other hauls in the Moray

Firth only three were under 20 cm. Two of these measured 198 mm.,
one got in June in from five to fourteen fathoms in Burghead Bay, and
the other in the Dornoch Firth in July in from eight to eleven fathoms.

At one point of the Dornoch Firth, it may be said, the bottom consists

of rocks, extending far out. Another caught in the latter place in

November measured 127 mm., or exactly five inches.

Since this specimen appears to be one of the smallest recorded, I give

the following particulars. The exact colouring was not noted at the

* Eight Ann. Rep., Part III., p. 177 (1889).
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time, but in my notes it is described as richly speckled and mottled, and
my impression is that the mottling was mostly brown and green. In the

preserved condition (formaline) it is darkish grey above, with a few dozen

blackish, somewhat ocellated, spots, scattered about, and numerous less

dark brownish patches with a digitate border like the marginal fringes.

The terminal portion of all the fins is black, most marked in the mem-
brane between the rays, and on the dorsal and terminal third of the lower

surface of the pectorals. It is soft and gelatinous and the mucoid tissue

abounds, especially on the under surface of the head. The fish weighed

IJ ounces.

The following measurements are from the preserved specimen.

Extreme length, 124 mm.
;
length behind anus, 57 mm. ; and from anus

to root of caudal, 32 mm. Greatest breadth of head, 48 mm.
;
greatest

height, 20 mm. ; diameter of eye, 6 mm.; distance between eyes, 12 mm.

;

distance from tip of snout to base of third dorsal ray, 28 mm.
;
gape with

mouth closed, 30 mm.
; projection of lower jaw beyond snout, 7 mm.

;

width behind pectorals, 20 mm. Length of free portion of first dorsal

ray, 6 mm. ; of second, 17 mm ; of third, 14 mm. Length of pectoral,

30 mm. ; breadth expanded, 28 mm.
;

length of ventrals, 23 mm.
;

breadth, 9 mm.
The first dorsal spine is destitute of lateral appendages or fringes, but

bears on the top a dark grey membranous horizontal straight strip, 5 mm.
long, and nearly 2 mm. in vertical breadth, poised in the middle on the

apex. It thus resembles a T. The strip is bluntly pointed at each end,

and provided below with a number of lighter-coloured, hair-like filaments

about 2 mm. long. The spine arises about 5 mm. from the snout, and in

examining it in water I was struck with the resemblance the terminal

portion presented to a small crustacean, as an amphipod, the pendulous

filaments representing the legs. If the angler sways the spine about in

the water, one can understand how small fishes may be deceived and snap

at it.

The second and third spines are feathered laterally with membranous
fragments, the third most densely, and they are here darker ; and similar

appendages exist on the free portions of the other three spines, the free

portion of the fourth spine measuring 10 mm.
In Aberdeen Bay, among 131 anglers measured, six were under 200

mm., one was 159 (65 inches), and the others from 187 to 198 mm.
Three, including the smallest, were taken in November, two in from

seven to twenty fathoms, and the smallest in fifteen-and-a-half fathoms,

one in May and two in July. At the Dog Hole ofi" Aberdeen, where the

water is deep, one of eighteen measured 170 mm. it was caught on

13th May.
The proportion of the young anglers on the deep-water grounds

appears to be higher than on the inshore trawling grounds. Of fifty in

May, in sixty-five fathoms, ten were under 200 mm., ranging from 155

to 197, the average length being 182-1 mm., or 7^^ inches. In

September, seven of twenty-two were under 200 mm., the size ranging

from 165 to 191 mm., and the average length being 181*3 mm., or 7^

inches. Other two under 200 mm. were taken in the Forth in July

measuring 165 and 196 mm. respectively. The higher proportion in the

deep water may indicate the comparative absence of shelter there, and it

shows in all probability that spawning and the developmental changes

may take place far from land.

The larger anglers are as a rule got in deeper water than those which

are of moderate size, as, for example, in thirty and fifty fathoms in the

Moray Firth. They sometimes, however, come into quite shallow water.

An interesting case of the kind occurred in June in the Dornoch Firth.
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Going ashore on a Sunday morning in the trawler's boat we observed a

number of boys running to the beach in the harbour and picking up stones

commence to throw them into the water. It at first appeared as if the
action was meant for us, because the feeling against trawlers is very
strong in the locality, and we were relieved to find the boys were
attacking a large angler which had got into the shallow water and was
floundering about there. It was pulled out by the tail and killed ; it

measured nearly three feet.

There appears to be, at least in the Firth of Forth, a migration of

young anglers in summer. During the early months of the year they are

very scarce, but increase very considerably in numbers with the advancing
season and increase of temperature.

II. Rate of Growth.

The information concerning the rate of growth of the angler is

somewhat scanty, although it is sufficient to enable some conclusions to

be drawn. The first thing to be considered is the period of spawning.
Ripe males have come under observation earlier than ripe females. On
3rd November a male, thirty-two inches long, caught oft" Ijossiemouth in

the Moray Firth, was quite ripe. On 20th and 24th December two quite

ripe males were trawled in Burghead Bay, in from seven to fifteen

fathoms, a few miles from shore ; one was twenty-seven and the other

twenty-three inches in length. In May one was taken on Smith Bank
also ripe, and thirty-six inches long. Holt found a ripe one in March,
twenty-five inches long, taken in 115 fathoms.* Females apparently

almost ripe, with very large ovaries, were taken in February on the East

Coast, and others approaching ripeness. On May 25th one was caught
nearly ripe, and on 7th July one, of thirty-six inches, that was approach-

ing ripeness, the ovaries being more than seventeen feet in length. On
3rd November, in the Moray Firth, a female of thirty-five inches was
about half-developed. On 1 8th January, off the Caithness coast, in from
eighteen to twenty-five fathoms, one of thirty-three inches was approach-

ing ripeness. Holt found a spent female, of thirty inches, in June, and
one of forty inches, also spent, in March.

The floating mucoid band in which the eggs are imbedded has been
obtained in June, July, and August.t One was got in the trawl on
1st August in from 8-12 fathoms in Aberdeen Bay, the only instance of

the kind that came under my notice during the trawling investigations
;

but, from enquiries, I think such instances are not uncommon, although

the trawlers do not recognise that the substance is fish-spawn.

The mucoid substance was perfectly clear, transparent, and glairy, the

eggs being readily detected by the black pigment of the advanced
embryos and the conspicuous oil-globules. As in other cases where the

spawn has been found, the embryos were far advanced
;
some, indeed, had

already hatched. Part of the mass was kept in tanks at the Laboratory,

and within a few days all the eggs hatched out. Some of the larvae were
kept alive until 18th August, long after the yolk had disappeared, and
drawings and preparations were made ; but they all gradually died off,

evidently from starvation, although unfiltered water was used and tow-

nettings added. Besides the dense black characteristic pigment, there

was, it may be said here, much bright canary yellow, and in the older

specimens the rudiment of the fourth ray of the first dorsal was formed.

The little posfc-larval angler, about 10 mm. long, has a very odd appearance

* Rep. Council Ron. Dublin Soc, 1891, p. 245.

t The eggs and embryo described by*^Prince in the Ninih Annual Report^ p. 343, from
Dunbar, were procured at the beginning of July, not in February.
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as it swims through the water by the rapid vibration of the pectorals and
tail, the long black ventrals projecting downwards and outwards and
quiescent below, and the almost equally long, black-tipped rays of the

first dorsal standing erect on the top of the head. The eyes are large,

deep ultramarine in colour, and look upwards and forwards, and the

mouth is usually gaping, each jaw being provided with a row of ten or

twelve minute pointed teeth. They were observed to dart and snap at

particles in the water. At this stage the head is about one-fourth the

length of the body, and more than a third deeper ; in a front view the

breadth of the head is about ^ of the height.

The only post-larval form that appears to have been obtained was
taken in twenty five fathoms in a mid-water net, on 30th August,

fifteen miles off the Isle of May.* It was only 7 mm. in length, or a

little over a quarter of an inch, showing that a reduction in length occurs

in development.

From these facts it appears that the angler spawns from March to

the beginning, or the middle, of July, and perhaps into August, and
probably mostly in May. The length of time which the eggs take to

hatch has not been determined. The nature of the yolk, and the

advanced condition of the larva on issuing, argue a more prolonged

period for the embryonic development than in the case of ordinary

pelagic eggs—for the egg of the angler is essentially a demersal egg

when removed from the mucoid substance. On the other hand, the

temperature of the surface water in May, and still more in June and
July, is high, and, judging from the period in the case of a large pelagic egg

like that of the plaice, it is probable the eggs of the angler require over

three weeks in May and more than a fortnight in July before hatching

occurs. On this reasoning the larval anglers would appear in the

greatest numbers in summer from the end of May to August, and the

occurrence of the little post-larval specimen as late as 20th August
is noteworthy.

The smallest anglers obtained were taken in the following months:

—

CENTIMETRES.

12 12-5 13 13-5 14 14-5 15 15-5 16 16-5 17 17-5 18 18-5 19 19-5 20

Jan.

Feb. .

April . tl

May . 1 1 1 2 3

*June . 13 1

*July . 1 3

-Aug. .

*Scpt. 1 1 §3

Oct. .

Nov. . 2 2 2 8 2 2 2 3 2 2 1 2 2

Dec. . tl

* At beginning of month. t By Garland in Firth of Forth.

I One by Garland. § Two by Garland.

* M'Intosh & Prince, Trans. Roy, Soc, Edinburgh, vol. xxxv., p. 869.
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It is obvious that the two specimens about 14 cm. (5J inches) taken in

March and April—one of which was obtained by the " Garland " on 16th

April at Station I, in the Firth of Forth, and the other found on the

beach at St. Andrews after a storm*—belong, at least, to the preceding

year. That is no doubt also the case with the specimens in May, two of

which measured 168 and 170 mm., the third 181 mm., and the others

186, 187, 190, 193, and 194 mm., all being procured in the deep water

to the east of the Shetlands. Those obtained in September—of which
three, measuring 165 mm., 178 mm., and 190 mm., were got in sixty-five

fathoms, south-east of Sumburgh Head, on the 3rd of the month, and two
on 6th and 11th by the "Garland," one in St. Andrews Bay and the

other in the Forth—are doubtless also fish of the ]3receding year. The
others were procured as follows. In June, two, each 190 mm., at the

beginning of the month, one in the Moray Firth, and the other in Aber-

deen Bay ; a third about the same length was taken by the "Garland " on
6th June in St. Andrews Bay, and the fourth, measuring 200 mm., at the

beginning of the month in the Moray Firth. In July, three were

obtained in the Moray Firth between the 1st and the 4th of the month,
and they measured 195, 198, and 198 mm.; another 192 mm. long was
taken in Aberdeen Bay on 30th July. I think it is evident that all these

specimens, ranging from five-and-a-half to seven-and-three-quarter inches,

belong to the previous year.

The November specimens, liow^ever, appear to be in another category.

The smallest measured 127 mm. and 128 mm., or just about five inches,

and judging from what we know about the rate of growth of the haddock
and whiting, and the absence of comparable sizes in the preceding months,

it is highly probable that these young anglers—one, the smallest, got in

the Dornoch Firth on 5th November, and the others off Lybster on 8tli

November, in from twenty-three to thirty-four fathoms—were spawned in

the same year. This would show fairly rapid growth from the spawning
period, as above assigned. Those obtained in March and April, which
measured five-and-a-half inches, may be regarded as about, or nearly, one
year old.

With the view of determining if possible the limits of the yearly groups

or generations of the smaller anglers, I have tabulated the measurements
of those under 60 cm. (23| inches), and give them in the following Table
in centimetre groups :

—

^MTntosh and Masterman, Brit. Food Fishes, p. 155.

[Table.
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Deep Water. Moray Firth and Aberdeen Bay.

Cm.

May. Sept. Oct.
May-
June.

June-
July.

July-
Aug.

Sept. Nov. Dec.

10
11

12
13
14

15
16
17
18
19
20
21

22

1

1

3
3
2
10
\

1

1

"l
""2

"2

1

"3

2
1

3

"1

1

3
4

2
4

10
4
K
t)

2
3
2

3
1

23
24
25

1

\ 3
3 3

2
4

7
10

1

2
"1

26 \ / ]^ 2

27
28
29

1

"l 2
"2

"1

2

2
3

1

3

7

7

"1

2

4

2
1

30
31

1

4
"1

2
1

2
1

5
2

1

2

32
33

1

2
"2

1

3

1

2

4
1

"1

34
35
36
37
38
39
40

o

'l

"1

1

2
1

"1

1

3

2

2
1

2
2
2

1

3
2
2
2
2

"2

1

2

1

4
5

2

1

"1

1

2

"1

]^

41
42
43
44
45
46
47
48
49

"l
"1

1 1

1

1

2
1

"'2

"1

8

6
6

4

"2

2
1

1

"1

"2

1

"1

"1

1

1

1

'"2

50
51
52
53
0*
55
56
57
58
59
60

''1

"1

"1

"1

1

"1

"l

"2

1

"1

3

"1

"1

1

"l

"1

In most cases, owing to the paucity of specimens, the distinction

between the groups is not very sharp, even when grouped in -5 cm. and
graphically exhibited, but still it appears fairly certain that there are three

annual series or generations represented in the Table. Taking the first

series in November, it begins at 127 mm. and extends apparently to
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214 mm. This would give a range in size of 87 mm. or 3j^^ inches, and
an average size for the thirty-six specimens of 161 "5 mm. or 6|- inches,

the maximum being about 8| inches and the minimum 5 inches. In that

case the two specimens of five-and-a-half inches caught in March and
April would be under the mean size—as, of course, they might well be.

The haddock, it may be said, whose main hatching or larval period is

about the early part of April, attains on an average a length of close upon
seven inches (169-6 mm.) in November, the ascertained range, from many
hundreds of specimens, being from 127 mm. to 220 mm.* The spawning

of the angler is later
;
but, on the other hand, the adult is very much

larger than the adult haddock and its growth ought to be quicker, and
unless the transformation stages of the angler cause considerable

retardation of growth in length, the sizes above given probably represent

approximately the real sizes at the period. The end of the group,

however, may possibly be at 180 mm., or about 7J inches. On that basis

the calculated mean size would be 10 mm. less—viz., 151'0 mm., or a little

under six inches. It is also to be borne in mind that the smallest

anglers of the true natural series are probably absent.

The second series in the November specimens begins apparently at

235 mm., there being none between this and 214 mm. The specimens at

the different sizes are somewhat irregular in numbers, but the end of the

group appears to occur at 402 mm. or 15i| inches, the average size being

about 318 mm. or twelve-and-a-half inches. This would represent a

mean-growth in a year, from the average of the first group, of a little over

six inches. The series may, however, end at 380 mm., in which case the

mean-size would be about 30*5 cm. or twelve inches.

If we turn now to the next best series of measurements, that for the

end of July and beginning of August, it will be seen that the first series

represented begins at 19 cm.—192 mm.—or at a little over seven-and a-

half inches. Its termination is less clear, but seems to be at 315 mm.

—

it might be 306 mm. The mean-size of the series is by computation
252'5 mm., and by the graphic system 250 mm., or about 9g inches. On
the basis above stated, this would indicate a growth of the same series

from the November preceding of about 90 mm. or three-and-a-half inches

—that is to say, in the months December-July—and a growth to the

following November of about 68 mm. or 2| inches, that is in August,

September, and October, the aggregate being about six-and-a-quarter

inches, which fairly corresponds.

The second group at the beginning of August begins at 319 mm. or about

12| inches, and appears to extend to 495 mm. or nineteen-and-a-half

inches, the mean-size being about 40*5 cm. or sixteen inches. The fish in

this series may be regarded as about two years and three months old.

The average increment in a year as computed from the average of the

previous series amounts to about 15*5 cm., or a little over six inches,

which also approximately corresponds with the increment deduced from
comparison of the averages in the previous cases. Compared with the

second series in November, there is a difference in the mean-size in the

two cases of 87 mm., or nearly three-and-a-half inches, which represents

approximately the amount of growth from November to the beginning of

August. The facts seem to show that the growth of the angler is more
regular throughout the year than in the case of the haddock, whiting,

plaice, and dab, being less retarded in winter and less accelerated in

summer. This is what might be expected in a fish inhabiting, as a rule,

water of some depth, where the temperature changes at different seasons

are less pronounced.

* Twentieth Annval Report, Part III., p. 402.
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The third series in November and August are obviously imperfect,

compcaratively few anglers having been obtained, or at least measured,

and the remark also applies to most of the series in the other months,

although as a rule three groups are manifestly represented. It would
have been of interest to compare the series got in the deep water

with those from the Moray Firth and Aberdeen Bay, but they are

imperfect. The indications, however, are that growth is slower, or at

leaGt that at a corresponding date the first series represented—fish about

and over one year of age—are somewhat smaller in the deep water off the

Shetlands where, as with the haddock and whiting, etc., spawning is

probably later.

The measurements of anglers obtained by the " Garland " are not

represented with sufficient minuteness to be of much value in studying

the rate of growth, since they are grouped in inches. I give here, how-
ever, for comparison those for two years in the Forth and St. Andrews
Bay :-

SIZE IN INCHES.

5 6 7 8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 25

+ + + + + + + + + + + + + + + + + + + +

Jan.

Feb. . 2

Mar. . 1 1 2 1

April . 1 1 1 2 4

May 1 2 1 1 1 1

June 1 2 1 1 3 4 2 1 1 1

July . 1 4 1 1 5 2 1

Aug-. . 3 3 7 6 3 1 3 3 1 2 1 3

Sept. . 2 2 12 7 9 9 7 8 2 2 4

Oct. 3 10 4 5 8 4 2 2

Nov. . 7 1 3 6 7 1 1 3

Dec. . 2 1 6 11 4 1 2 1 4

The observations therefore appear to warrant the following statement

as approximately representing the growth of the angler :

—

Length.

Approximate Age. Smallest. Largest. Mean.

Six months, . . . *5 inches. 8|- inches. 6f inches.

One year and 6 months, 9 ,, l^rl ^^i "
tTw^o years and 6 months, „ 21-22 18-18|„

When three years old, supposing a little less than the same rate of

increase continues—and in fishes growth is not usually much reduced in

rapidity before the period of maturity is reached— the angler will measure

approximately twenty-one inches in length, and when four years old

about twenty-six or twenty-seven inches. The information as to the size

at which maturity is first attained is not extensive, but males may be

* Smallest caught.

f Derived from computing the second group in August or at the beginning of

Novemher.
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found ripe at the size stated. Females probably do not become mature
as a rale until over thirty inches in length, and the facts point to the

males first reaching maturity when four years of age and the females when
five years.

III. Food.

In carrying on the investigations on board the trawling vessels many
anglers were opened and the contents of their stomachs observed, and I

have tabulated the results in the Tables appended. Fish, of course, is

almost the only food upon which the angler lives, but it was desirable to

ascertain the proportion of edible and inedible forms and of round-fishes

and valuable flat-fishes which make up its dietary, and also, if possible,

to ascertain the amount of destruction caused by this species among the

food fishes.

It is obvious from its structure that the angler even in the young stage

is eminently piscivorous. The gape is very large compared with the size of

the fish. In one fifteen-and-a-half inches long the width of the mouth was
four inches, and when opened its vertical diameter was 2| inches; in one

measuring forty-three inches the width of the mouth when open was
nine inches, and the vertical diameter eight inches; in one of 51| inches

the width of the open mouth was nine-and-three-quarter inches, and the

vertical diameter nine inches. Such an aperture is obviously capable of

taking in a very large fish, or numbers of small fish together. In point

of fact, however, few cases were found in which large fishes had been

swallowed. The largest found were codling, three of which measured

23, 20, and 20 inches respectively ; one of the latter was swallowed by
an angler very little longer, viz. twenty-six inches. The fish containing

the others were not measured, but the stomachs which were brought

ashore were very large, and belonged to large anglers. In reality,

most of the fishes obtained were small, the largest angler not disdaining

to snap up trifling fishes that come within reach. One of twenty-six

inches, for instance, had swallowed a sprat and a small whiting.

In the following Table I have tabulated the results of the examination

of the stomachs of 541 anglers of various sizes, caught mostly in the

Moray Firth, Aberdeen Bay, and the deep water off the Shetlands. Of
these, 261, or 4 8 "2 per cent., were found to be empty, and in many in-

stances the stomach was shrunken and collapsed, with thick walls,

probably showing that a considerable interval had elapsed since a meal
had been obtained. Of the remaining 280, fish, or traces of fish, were
found in 269, cephalopods alone in ten, and a shore-crab (Carcinus)
alone in another. In 69 of those containing fish the contents of the

stomach were pulp, of more or less fluid consistence, in which fragments
of fish or fish-bones were discovered, and in eighteen instances the fish

were less digested, but indistinguishable as round or flat fish by ordinary

means, and they are described as " fish -remains." Of the remainder, 137
were round- fishes and 58 flat fishes, but a proportion in each case were
too far digested to enable identification of the species to be made, viz.

thirty-eight round-fishes and twenty-one flat-fishes.

Thus, of the fish that could be distinguished, 70-3 per cent, of the
stomachs contained round-fishes and 29'6 per cent, flat-fishes. Among
the round-fishes, six, or 4*4 per ceut,, were codlings; eighteen, or

13-1 per cent., were haddocks
;
thirty-four, or 24*8 per cent., were whit-

ings
;

three, or 2*2 per cent, were gurnards
;

eight, or 5'8 per cent., were
herrings; two, or 1*5 per cent., were sprats; twenty, or 14*6 per cent.,

\^'ere sand-eels; three, or 2*2 per cent., pogges (Agonus)
;
one, or 0-7 per
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cent., lesser weever
;
two, or 1*5 per cent., Norway pout ; and two, or 1-5

per cent., Lumpenus. Among flat-fishes, common dabs numbered
eighteen, or 31 per cent. ; solenettes seven, or 12-1 per cent.; long rough
dabs six, or 10-4 per cent.

;
plaice two, or 3*4 per cent. ; flounders three,

or 5-2 per cent. ; and witches one, or 2 per cent. The percentage of

each species of the total species identified is as follows :
—

Codling.

Haddock.

Whiting.
Gurnard.

Herring.
Is Sand-eel.

Pogge.
Lesser

Weever.

Norway

Pout.

Lumpenus.

Plaice.

1
Common

Dab.

Solenette.

be

H
G
O

Witch.

Flounder.

1
in

4-4 131 247 2-2 5-7 1-5 14-5 2-2 0-7 1-5 1-5 1-4 13-1 5-1 4-3 0-7 2-2 0-7

It thus appears that, so far as the anglers investigated are concerned,
the principal food consisted of whitings, sand-eels, haddocks, and common
dabs, and in smaller amount of herrings, solenettes, and others. The
Table, however, shows that the proportions differ on the different grounds,
and at different seasons. In Aberdeen Bay and the Moray Firth whitings
and common dabs formed the staple diet, and then haddocks ; no codlings

were distinguished in the 382 stomachs from these localities. In the
deep water off the Shetlands haddocks appear to form a more important
constituent than whitings, and among flat-fishes common dabs and long

rough dabs. On the offshore grounds, also, codlings enter more largely

into the diet of the angler.

The proportion of sand-eels, herrings, and solenettes is surprisingly

large. Herrings were got in three months, July, September, and Decem-
ber, and it is probable from the abundance of this fish at the bottom at

certain times that it forms a fair proportion of the food of the angler.

Sand-eels were got only in two months, namely in July in Aberdeen Bay
and in November in the Moray Firth. It forms a larger part of the food

of predaceous fishes than might be expected. The number found in single

stomachs of anglers varied from one or two to twenty-three. The
solenette was only procured in the stomachs of anglers taken in the

Moray Firth in July, when they seem to be abundant in the

inshore waters there. Its small size enables it to escape from the

trawl-net as a rule, but it is occasionally taken, and more commonly in

August than in July. The presence of Lumpenus, found in the stomachs

of an angler from the Forth in July and another from the deep water in

September, probably indicates a greater abundance of this form than is

commonly supposed. In both cases the anglers were small, viz. nine

inches and nine-and-a-half inches; one had two, and the Lumpenus
measured 8^, 8|, and 9| inches long, or about as long as the anglers.

The small anglers, indeed, capture fishes sometimes of considerable size.

Thus, one a little over six inches had swallowed a round-fish 4| inches

long ; one of seven inches a haddock of six-and-a-half inches ; one of

eight-and-a-half inches a round-fish of six-and-three-quarter inches ; and
other small anglers had gulped flat-fishes of four inches. At stages much
younger than any observed they must evidently be capable of swallowing

fishes of a size proportionally large compared with their own. The young
anglers got off Caithness had been feeding on sand-eels. One angler of

ek'ven-and-three-quarter inches had twenty-three in its stomach.

I have already tated that Ihe great majority of the fishes found in the
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stomachs were small, even when the angler was large. The codlings

ranged from nine to twenty-three inches ; the whitings were mostly small,

from four inches upwards, but occasionally measuring ten, eleven, twelve,

and fourteen inches. The haddocks, on the other hand, were mostly

medium-sized, ranging from six-and-a-half to fifteen-and-a-half inches,

but generally measuring from ten to fourteen inches. Whether this

difference indicates a difference in the habit, or habitat, of the young
haddock is not clear. Possibly the whiting, which is predaceous, darts

about in pursuit of other fishes and thus comes within reach of the angler

more often than the leisurely-feeding haddock. The flat-fishes were also,

as a rule, small, the common dabs measuring from three-and-a-half to

six-and-a-half inches, and the long rough dabs between four and five

inches. In no case were large flat-fishes obtained in the stomachs. Small

plaice were got in two only—viz., two in July in one caught in the Moray
Firth, and six, along with three flounders, also in July in Aberdeen Bay.

The witch from the deep-sea grounds measured ten inches. The rarity of

the large fishes in the stomach of the angler probably points to their greater

caution than when younger. Experience no doubt teaches them more
readily to detect and to avoid the formidable lurking trap which forms

part of their natural environment.

The only other organisms besides fish which were found in the

stomachs were a shore-crab in one and a swimming-crab in another, and
cephalopods in thirteen. The latter, having the habit of crawling about

the bottom, appear to constitute a fair proportion of the angler's food in

autumn. In all cases but one the cepalopods were squids ; the other

was an Eledone. The body of the cephalopod is digested much more
rapidly than the head and tentacles.

In the stomachs of 102 anglers taken by the *' Garland" in the Forth

some years ago, fifty-one contained food and tifty-one were empty.
Whitings were got in six, sand-eels in four, herring in three, haddock in

three, cod in one, rockling in one, Lumpenus in one, skate in two, plaice

in one, long rough dab in one, and lemon dab in one, while cephalopods

were found in two and Crustacea {Eupagurus, Nephrops) in three.*

During the Irish Survey Holt found seven stomachs of anglers con-

taining food, the identified forms being sprats, common dab, witch, and
sole.t

* Seventh—Tenth Annual Reports, Pari III.

\ RepoH to Council, Roy. Duh. Soc, 1891, p. 311.

[Tables.
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Table I.

—

The Particulars of the Food of the Angler.

Depth.

Length.

Date. Place. Contents of Stomach.

Fms. Cm. In.

1901. I. Moray Firth.

17 Jan. Off Dunbeath 18 to 25 72-6 28-^ Empty.

55 55
94-2 37 55

„ 55 55
70-1 271 "

18 Jan.
5 5 ,5

103-7 40| 55

55 5,
71-3 28 Two small Whiting.

55 ,5
78-2 30| Empty.

55 „ 49-6 19^ i

55

1 June Off Lossiemouth 12 to 16 72-6 28i
55

55 ,5
70-0 m 55

55 55
77-0 30i

55 5,
63-1 24| 55

>> 55 55
74-0 29 55

J J 55 ,5
38-7

55

55 55 ,5
40-1 lof Common Dab, about 85 mm.

55 Burghead Bay 5 to 14 65-6 25| Bone of large round-fish.

55 5> 5,
58-6 23 Empty,

5J 55 55
75-1 29* 55

55 )5 55
60-6 23| 55

55 55 5,
61-2 24 55

; 5 55 55
39-4 15^- 55

5 5 55 ,5
35-7 14 55

55 5, 55
39-4 15^ 55

5 5 J5 5,
29-3 IH 1

55 55 55
33-6 13i 5,

55 55 5,
19-0

,5

4 June Sinclair's Bay 55
28-8 III 55

1 July Burghead Bay 8 to 11 58-0 22| Fish pulp.

55
59-5 One Common Dab, 190 mm.

55 55
47-5 Empty.

41-0 16

38-8 15i

55
35-8 14

55
28-0 11 55
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Table I.

—

contiyiued.
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Date. Place.

Depth.
Length.

Contents of Stomach.
Fms.

Cm. In.

1901.
Moray Firth—

vontimied.

1 July Burghead Bay 8 to 11 72-3 28i Empty.

67-3 26i 2 small, partly digested, Plaice.

34-8 13| Empty.

45-7 18

33
40-0

39-2

15f

151

3 3

Fish pulp.

42-5 16i Empty.

> > ;> 35-9 14i A little fish pulp.

)

)

29-1

23-4

llA

n

Empty.

Solenette, 115 mm.

>» 33
19-8 A little fish pulp.

53

)» >> 33

44-5

47-5

43-3

17|

17

Digested round-fish.

Empty.

3,

J> 3 3
38-0

22-4

15

8|

33

One digested Common Dab.

2 July

3 July

Brorapoint, N.E.
Dunrobin

Off Dunrobin -

>)

10

)5

33

81-9

28-0

19-8

23-8

21-8

32i

11

n

Empty.

One Gurnard, 132 mm. ; One
Solenette, 80 mm.

^2 digested small flat-fish (?)

Solenette.

Two half digested flat-fishes.

Three Solenettes.

>>

)?

10 to 12

)>

33

23-0

24-8

22-0

9

8|

Two Solenettes.

Three Solenettes.

Two Herring & two Solenettes.

6-^ to 12 27-7

20-8

11

8|

One Solenette.

Emptv.

2 Aug.

>>

Burghead Bay

J)

^ to 15

33

33

67-5

54-2

60-5

43-0

26i

2H

23|

17

33

3

Fish pulp.

j>

j>

5>

33 33

47-0

47-5

18^

18|

One Squid.
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Table I.

—

continued.

Date. Place.

Depth.

Fms.

LeU;

Cm. In.

1

Contents of Stomach.

1901.
Moray Fikth—

coiili/i.wd.

2 Aug. Burghead Bay i)l to 15 44-5 One Dab.

11
43-5 17 Empty.

39-0
11

11 11
40-0 loi

11
37*5 14|

11
41-0 16

3 )

11 );
38-0 15 >•

11 11 11
30-0 llf One small tish, digested.

27 "5 10| Empty.

5

;

26-0 lOi Fish Pulp.

):
28-0 11 Empty.

1-
25-0 10

11 11
23-0 9

5 to 25 87-2 m
65-6 25^

63 1 24f

) )

38-5 15i

" 29-5 llf Small piece of flat-Hsh.

» J)
26-0 m Empty.

11
24-8 n Pog.i^e, 76 mm.

11 " 23-4 Empty.

11 i:
23-8

11

" 11 11
36-0 m One Squid.

M 11
25-0 10 Empty.

11 1 1
22-3 8f 35

> 1 11 11
65-0 25i

11
44-0 in Fish remains.

5 J
42-6 16| Empty.

>> 11
40-3 15i 11

41-8 16A 11

5>
42-6 16f

11
31-5 12A
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Table I.

—

continued.

Date. Place.

Depth.
Length.

Contents of Stomach.
Fms.

Cm. In.

1901.
Moray Firth—

roiUiiiued.

2 Aug. Burghead Bay

>)

>>

5 to 25 28-5

26-8

24-8

25 2

25-0

Hi

101

9f

10

9t

Empty.

3 3

3 Aug. 61-0 24 One large Squid,

J5

,,

) J

))

J J

5 !

>',

5 5

>1

58-0

M-5

41-8

41-2

43-0

41-4

37-8

42-5

41-8

43-0

32-2

29-0

22|

17^

l^

16i

17

161

14|

16f

16^

17

12f

11^

One large, much digested,

round-fish.

Empty.

55

One Squid.

Some fish pulp.

Empty.

One Squid.

Empty.

35

55

55

55

) 5

28-2

25-0

22-6

11

9|

9

One Common Dab, 120 mm.

Empty.

) 5

5 5

))

OO.K
J,AO

22-6

21-8

Al yj

Q7

8i

Fish pulp.

Piece of fiat-fish.

Empty.

3 5

Dornoch Firth, off

Dunrobin
5 toll 35 '5

36-4

14

14i One Flounder. 143 mm.

5 Aug.
35

1 3

33-3

29-4

25-2

13

llf

10

Empty.

Lot of fish pulp.

Empty.

55 55
25-6 10 Piece of flat-fish.

5-6 Aug.
55 55

33-2 13 Empty.
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Table 1.

—

continued.

J )epth.
Length.

Date. Place. Contents of Stomach.
Fms.

Cm. In.

1901.
Moray Firth—

continued.

5-6 Aug. Dornoch Firth, oft' 5 to 11 49-5 191 Fish remains.
Duiirobin

j> >5
42-8 16f Empty.

»j 33 33
33-5 13i 3

•

5» 33 " 27-3 lOf Digested flat-fish.

>1 >> 33
22-3 8| Some fish pulp.

" " 21-0 81 Empty.

6 Aug.
>3 33

48-0 19

33 33
65-0 251 Small Shore Crab.

J5 33
46-0 18 Fish pulp.

" 33-0 13 Remains of small flat-fish.

" 3 3
36-2 14i Empty.

) J 33 33
35-0 13f s>

3
•

3 3
25-5 10 Fish remains.

3> 33
25-3 10 Empty.

7 Sept. Burghead Bay 7 37-8 14^ 33

5 J 33
39*8 15^

33

!> 3 5 33
37-3 14f ,i

3 ) 33 33
26*8 lOi 33

>3 3J 5* to 8 387 154- One Common Dab, 195 mm.

? J 33 33
22-4 8| Empty.

J > 3 33
32-6 12| Remains, J digested, of a flat-

fish.

" 3 3 3 ;
21 Remains of a round-fish and

fish pulp.

33 33
29-6 II5 Empty.

3 Nov. 30 miles west of 50 62-3 24^
Kinnaird Head,
about 12 miles otf

land

> 3

85-4 33f Bones of one round-fish.

" 64-4 251 Fish pulp and one small

round-fish about 5 inches.

69-6 27-1 Empty.

>> 3 3 33
48-4 19 33

'

>> 33 33
38-7 15i 33

jj >>
109-5 43

53 33
130-0 51
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Table I.

—

continued.

Depth,
Length.

Date. Place. Contents of Stomach.
Fms,

In.Cm.

IQfll Moray Firth—
co)itiiiued.

o i>ov. cAj miles west oi Ou 104-5 411 Himpty.
Kinnaird Heftd,

about 12 miles off

land

55
88-0 34f One beak of a Cuttle and the

backbone of a small fish.

" " 107-4 _ Head and tentacles of a small
Cephalopod and a small
nsn.

" " 5 5
92-2 421

fish or Lamprey, 330 mm.
>> 5 5

61-6 241 A. fragment of fish bone.

" )5 " /i O jTl. lew LHjAlCo KJL at ollicXli XWU-llvl

fish.

5 5
58-5 23 Fibh pulp, two small round-

fish 6 or 7 inches, partially

digested, and the remains
of a smaller oue.

" ' '
70-0 27* xx^diJciiiJo ui uiit; ur two luuiiu.-

nsn

.

" 5 5
81-6 32 Whiting, 131 mm,, cj^uite

27^

perfect.

" M 55
70-2

>5 55
61-0 24 Remains of one small round-

fish.

5> 55
54-6 211 Fish pulp and fraf^ments of

round-fish.

J J 5 5
56-0 22 Fish pulp, two round-fish,

one about 305 mm., but

oU 0
greatly digested.

" n 55 Empty.

>5 55
29-8 llf

Off Lossiemouth 11 to 15 87-5 34| Fish remains.

56-0 22 One Squid, about 5 inches long.

" ;

}

55
45-7 18 Two round -fishes, partly

251
55 55

64-8 Empty.

" 5 5 55 0/ -0 22| 55

5 Nov. 30-9 12 Remains of a flat-fish.

24-6 9f One Common Dab, half

34-6 13|

digested, 6 inches long.

Remains of a small round-
fish, about 3^ inches.

" ±J\Jl. iJLW^ll X' 11 Lll 10 55-1 21| v/iit; vyuiiiiiiuii x-'ctu, pctitiv

digested, 6 inches.
36-5 141 Empty.

>5 n 20-4 8
» 5

5!
18-3 Fish remains.

55 55
16-3 ^ Whiting, partly digested,

about 4 inches long.
20-7 8i Empty.
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Table I.

—

continued.

Date. Plact

Depth.

Fms.

Length.

Cm. In

Contents of Stomach.

1901.

5 Nov.

8 Nov.

MOHAY FlRTH-
couti)iued.

Dornoch Firth

Near Smith's Bank

Smith's Bank -

Off Lybster -

10

35

26

23 to 34

92-8

62-0

327

36-4

70-0

14>9

20-1

177

19-8

15-4

15-5

13-4

17-5

14-8

15-3

14-8

147

13-0

14-9

14-0

14-5

15-6

13-9

16-5

277

14-2

18-0

92-0

80-0
I

46-0
1

79-0

29

364

24^

13

14i

6

6

H
^
5|

6

5|

5|

5I

5-i

H

^
m

7i

36i

3H

31

lis

Empty.

Fish pulp.

Empty.

One Gurnard, about 6 inches.

Remains of a Haddock, about
400 mm.

Fish pulp.

Sand-eels,

Empty,

Squid.

Fish pulp.

Empty.

Fish pulp.
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Table I.

—

continued.

Length.

Date. Place.
Depth.

Contents of Stomach.

-

Fms. Cm. In.

1901.
Moray Fihth—

coutwiitccl

,

Kcv. Off Lybster - 23 to 34 16'8 Fish pulp.
1

„ 5? 5 5
14'/ A 3

32*3 1 OS
12f 55

ID 1

,, )? 55
14: 0

lO o K3
^¥

,,
1 9<S0 0

,, 5 5

16-8 Of Sand-eel.

5,
32-5 ion Empty.

Off Golspie 7 to 10 70-0 071 Common Dab.

45-5 Jo Empty.

40-2 15^ Fish pulp.

P Nov. Dornoch Firth 63-5 Empty.

63-0 24^ 55

35-8 14 Fish pulp.

J.
27-3 1 A8lOf

10 Nov.
j>

21-4
55

,, 55
88-0 Empty.

32-5 Two small Whiting.

,, J )
36-1 14f Whiting and a swimming Crab.

11 Nov.
55

109-4 40 Squid.

51
27-5 lUj Fish pulp.

,, 55
36-0 14f Empty.

20 Dec. Burghead Bay 7 to 24 31-8 1 0112i
5 5

55 55
45-0 17f Flat-hsh remains.

5

;

40-3 lOf Empty.

55 5i
48-2 19 55

55
33-0 13

55
37-2 14f 5 5

5J 55
35-9 14i Remains of Haddock.

55 5 5
43-1 17 Empty.

55 55
37-6 14f Fish pulp.
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Table I.

—

continued.

Date. Place.

Depth.

Fms.

Length.

Contents of Stomach.

Cm. In.

Moray Firth—
1901.

continued.

20 Dec. Burghead Bay 7 to 24 31-5 12i Empty.

33
'AiiO •± 10 Fish pulp.

> J 35
30*4 12

33
65-0 25i One small Herring.

" 7 to 15 59-9 23^ Sprat and small Whiting.

" 35
92-2 36^ Empty.

» > J " 70-1 27 Jt

J) ) 5 55
66-3 26

3 3

" )»
100-6 39i

76-5 30 Sprat and Whiting.

28 Fish palp.

35
96"6 38 Empty.

" 68 "8 97 Whiting and fish pulp.

3 J JJ 33
65-0 25^ Empty.

J> 35 73 "3 28f 3 J

>; J J 53
^7-4 22J Large Herring.

?5 >> 55
44*5 17i

) J 33
42*0 Fish pulp.

J J 55 » 5
48-3 19

., ,, 55
39*4 151 Empty.

>> " 55
70'!

35

24 Dec. 5)
11 72"0 Fish pulp.

)> 55 53
77*1 30J Empty.

55 55
75-1 291

" 55 55
64-4 25^ One small Common Dab, and

small Whiting.

33 " 77-7 30^ Empty.

68 '8 27

53
65-0 25A One small Whiting.

53-0 21 Empty.

5 5
52-7 20| 53

II. Aberdeen Bat.

15 Jan. Off Black Dog 7 to 16 21-2 8| Empty.
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Table I.

—

continued.

Depth.

Fms.

Length.

Date. Place. Contents of Stomach.

Cm. In.

1901.
Aberdeen Bay—

continued.

0\J iVl diV Off r'nlliP<afnn 9 to 14

55

34-1

34-5

13| IS'.rr nfV

Fish pulp.

55 55
19-0

6 June Of¥ Stirling Quarries 1^ to iU 41-1

37-1

m

))

)>

55

"

5>

"

29-3

20-0

11^

n

Fish pulp.

J5 55
33-1 13 r^nmmnTi T)nVi mmVyV^lli JlH-'ll -IVrtWj KJ*J llllll.

i> 55 >>
39-8 15| 103 mm.

» >

55

55

5 5

55

78-6

67-6

30|

26J

Remains of large Haddock,
180 mm.

Common Dab, 165 mm.

7 June
55 55

63-8 25 Haddock, 270 mm.

55 55
31-9 m 3 small Whiting.

29 June Off Black Dog

5>

8

55

28-8

20-8

Hi One small Common Dab and
one small round-tish.

Empty.

4 July

55

55

Cruden Scai's to

Black Dog
55

5^ to 20

55

55

68-7

56-0

44-5

27

22

17^

55

55

Digested flat-fish.

55

5 5

55

55

55

55

34-8

35-8

22-0

13|

14

8|

Fish pulp.

Empty.

5 July
5 5

8 to 15 71-2 28 Digested round-fish.

55 55
40-0 15J Empty.

J5 55
39-8 15|-

55 55
36-8 U\ One Haddock, 230 mm.

55
37-3 14f Empty.

5 5 55 )}
26-3

27-4

lOf

lOf

ThrcG cli^Gstc^d Siiiid-GGls.

One

55 55
19-5 n Empty.

Off Collieston

»>

10

55

29-0

49-0

IH

191

Pogge.

Digested round -fish.

>>
36-4 14i Empty.
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Table I.

—

continued.

Date. Place.

1901.

5 July

30 July

Aberdeen Bay-
contimied.

Off ColHeston

Off Newburgh

Depth.

Fms.

10

6 to 10

Length.

Contents of Stomach.
1

Cm. 1 In.

j

28'0
j

1

11 Digested flat-fish.

.51 "4

24-2

21^

9J

One Haddock, 222 mm, and
fish remains.

Empty.

23-6 9i

26 "9 10|

26'6
{

101

44"5 lOJ 5 '

1
25 '8 lOi Fish pulp.

2r4 lOf Common Dab, 12.5 mm.

28*0 11 Remains of flat fish.

24 '3 9t Empty.

43-6
• 5

29-7

40-5 16 ))

24-2
5 )

41-3 16i

24-9 n
i

35-0

26-9

13f

10^

Three or four Sand-eels one
Weaver, 140 mm., and the
ICllltl/lllo \J\ CK L iiOll*

Empty.

26*3 lOf Several Sand-eels (5 or 6).

24-9 9f Three small Sand-eels.

41-8 16J Fish renin ins.

62-2 24i Six Plaice, three Flounders.

46-3 18i Empty.

42-8

39-6

16f

15J

Remains of two or three
flit.fi«;b

Sand-eels.

29-2 Hi Fish remains.

40-0 15t One Flounder.

32-9 13 Sand-eels (about six).

29-8 llf 23 Sand-eels, from 140 mm.

30-6

29-6

12

1

One Whiting, 175 mm., and
two Sand-eels.

Fish remains.
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Table I.— continued.

Date. Place.

Depth.
. Length.

Contents of Stomach.
Fms,

Cm. In.

1901.
Aberdeen Bay—

continved.

30 July Off" NpwhnrD-li

55

6 to 10

55

28-2

25-4

11|

10

11 Sand-eels.

Four Sand-eels.

>

)

55
24-9 n Seven Sand-eels.

5)

31 July Opposite Ythan

55

11 to 13

20-9

71-2

H
28

Three Sand-eels and one
small flat.

One Whiting, about 312 mm.

4 Sept, Off Collieston 8 and Q

5)

43-2

30-8

17

12

Fish remains, £ digested, and
a Whiting, 190 mm.

Fish remains and a Whiting.

55 55

55

55
33-6

23-2

13i

%

Remains of a round-fish.

Empty.

5 5
Off Newburgh 10 29-1 iH One half-digested round-fish.

55

1

55 55 55

73-8

29-8

29

llf

A Haddock, 302 mm., and the
remains of several others.

Empty.

1900.

9 Oct.

23 Oct.

31 Oct.

5 5

55

55

5 5

55

55

5 5

55

16

36 to 49

15

10

>5

55

31-2

28-4

76-7

38-0

33-2

79-6

32-3

36-3

36-0

36-9

12i

Hi

30

15

13

311

12|

14i

14i

14|

A small Whiting, 110 mm.

Two young Whitings, con-

siderably digested.

Tentacles and head of an
|

Eledone
;
body completely

|

digested.
f

One partly digested Whiting
j

and remains of three round
j

and one flat-fish.
i

Three round-fishes; a Whiting
|

about five inches long was i

half digested and the
|

others more digested.

One Haddock, 313 mm., just
|

oWCtllUVVCU,*

A small quantity of fish

remains.
Two Whitings, 143 mm. and

128 mm., and remains of

a round-fish.

Remains of several round

-

fishes ; one "Whiting.

Fish remains.

55

5 Nov.

55

Opposite Newburgh

55

7 to 20

5 5

30-0

4-35

31-0

llf

17

12|

One Common Dab, 113 mm.,
and remains of two round-
fish

;
probably Whitings.

Pulp of a round-fish.

One Whiting, about 127 mm.

5)

55

55

55 5 5

55

55

31-7

30-8

24-2

19-7

m
12

9^

71

Empty

.

55

Pulp of a round-fish.
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Table I.— coiitinued.

Depth.

Fms.

Length.

Date. Place. Contents of btomach.

Cm. In.

1900.
Aberdeen Bay—

(<>»tiiivp(l.

5 Nov. Opposite Newburgh 7 to 20 27-1 lOf Empty.

55 55
38-0 15 Whiting (2).

6 Nov. Off Newburgh

55

8 to 13 36-8

28-0

141

11

A little fish pulp.

Empty.

7 Nov.
5 5

45 to 53 31-5 121
55

9 Nov,
55

151 30-4 12

55

55

55

5 5

18-7

35-5

71

14

Remains of one Whiting,
about 5 inches.

Empty.

29 Nov. Off Belhelvie -

55

13 to 15

55

115-7

30-7

45|

12
55

1/ -Uec. Ofi Black Dog

III. Off Aberdeen.

9 84-0 33 Seven partly digested Whit-
ings, about five inches long.

28 June.

21 Aug.

Dog Hole
(OiT Aberueen.)

55

65

58

20-4

66-2

8

26

Flat-fish half digested, appar-
ently L/ong xtougn Dab.

Empty.

3 Sept. ., 58 33-2 13 One Long Rough Dab.

5 Nov.

55

12| miles from
Girdleness

55

70

» 5

69-0

35 0

23-5

m
13f

One Codling, 235 mm.

Remains of a round-fish, half

digested.

Fish pulp.

5 > 55
32-8 13 Empty.

51 55
68-4 27 One Long Rough Dab, 155 mm.

28 Nov.

16 Dee.

9 miles from Girdle-

ness, S.E. by E.

55

55

5 5

68

57

55

55

80-2

67-8

45-8

35-1

31*

26|

18

13i

Empty.

Whiting, about 145 mm, and
rea;ains of a round-fish.

Empty.

55

19 Nov.

55

Off Aberdeen E.S.E.

5 5

55

5 5

55

55

30 to 49

5 5

5'

55

55

55

66-0

63-5

73-5

107-0

71-0

75-0

73-5

63-5

26

25

29

42

28

29*

29

25

One Codling, 20 inches,

slightly digested.

One Codling, 9 inches, three-

parts digested.

One Whiting, \\\ inches,

slightly digested.

Empty and shrunken.

5 5

5>

Remains of Codling.
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Table I.

—

continued.

Date. Place.

Depth.
Length.

Contents of Stomach.
Fms.

Cm. In.

lyuu.
Off Aberdeen—

continved.

19 Nov.

)>

Off Aberdeen E.S.E.

')

>>

30 to 49 89-0

64-7

63-5

80-0

35

25^

25

3U

Empty.

Remains of small round-fish,

about 10 inches.

Empty.

24 Jan. IV. Firth of Forth

108-0

24 1

36-9

19-7

28-5

16-5

24-2

22-2

31-7

28-0

26-7

23-5

42^

9*

n

%
8f

12*

11

10*

One Codling, 15 inches, partly
digested ; two Haddocks.
lOJ inches and IO7J ; one
Whiting, nine "inches,

slightly digested.

Two Lumpenm, 8f and 9^
inches.

Empty.

Small Long Rough Dab, partly

digested.

Empty.

>'

Remains of a small round-fish.

Empty.

1901.

i«> iviiiy

5>

Deep W^ater -

)?

"

/ 0 to / 0

25-3

122-1

89-2

60-5

10

48

35

23|

One small Long Rough Dab,
and remains of a round-
fish.

Empty.

16 May North of Shetland - 29-5 llf

17 May 88 0 34^

19 May

"

! J

"

120-0

317

31-4

21-5

21-6

21-6

47

12*

12^

8*

8*

81

Common Dab, 118 mm.

Remains of one flat-fish

Fish pulp.

Remains of small round-fish.

Fish pulp.

20 May

n

15-5

24-4

64 Remains of round-fish, about
120 mm.

Empty.

o
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Table I.

—

continued.

Date, Place.
Depth.

Fms.

Length,

Contents of Stomach.

Cm. In.

lyui.

20 May North of Shetland - 75 to 78 29-6 lis Fish pulp.

34-4 13* >>

21-8 81

J) 65 0 25* Empty.

62-5 24*

" 44-3 17* f ioxi IJ III

39-1 15* Empty.

) >
34-1 13* 55

30-5 12 Remains of Common Dab,
about 140 mm.

31-] 12i Fish pulp.

31 a 12i Reniains of Long Rough Dab,
about 125 mm.

21-4 8* Empty.

21-7 8| 5 J

21-5 81 Fish pulp.

21-5 ^
23-2 9 Empty.

17-0 6f 55

16-8 6| Remains of G. psinarkii.

21 May 20-7 8^- Empty.

2M 8| Remains of round-fish.

19-7 71 >5 55

19-3 71 Fish pulp.

27-9 11 Remains of flat, about 145 mm.

33-1 13 Empty.

21-5 8* Fish pulp.

18-1 7* Remains of round-fish.

10 / ' s
Fish pulp.

70-7 27f Empty.

J?
77-7 30* 55

32-7 13 Fish pulp.

33-1 13 Emv)ty.

21-7 8| Fish pulp.

22 May 78 18-6 7g-
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Table I.

—

continued.

215

Date. Place.
Depth.

Length.

Contents of Stomach.

Fms.
Cm. In.

1901.

22 May North of Shetland - 78 19-4 71 Fish pulp.

3 Sept.

> !

Sixty-five miles
S.S.E. of Sum-
burgh Head.

5 5

' 5 5 5

55

86-5

-

34

221

7

Five large Herrings, slightly

digested.

Empty.

One Long Rough Dab, 4 inches,

partly digested.

Empty.

! )

1 )

37-0

7*

55

55

79-0 31 Fish remains.

Empty.

5 J 5 ;
8*

! !

55

5 5

55

55

5 5

"

73-0

71 0

71-0

63-5

62-0

:

361

28

28

25

241

8|

7

8f

One Haddock 13, and one

13J ; remains of 3 or 4
round-fish, and a half

digested Herring 10
inches.

Remains of three or four
Herrings.

Remains of two or three
Herrings.

Empty.

Haddock, 14* inches, slightly

digested.

"

Empty.

Whiting, 4 inches, half

digested.

Empty.

55 7* Small Haddock,

)>
- 9 A Lumpeniiit, 8-|- inches long.

'5 7 One Haddockj 6i ' inches long.

55

55

55

5 5

8*

9*

Remains of round-fish, 6f
inches long.

Remains of Haddock.

Oct. Eighteen to twenty-
two miles S. E.
of Fair Isle.

5 5

55

5 5

6.5 One Gurnard, recently swal-
lowed, 13f inches ; a
round-fish, nearly digested.

One Haddock, 10| inches,
slightly digested.

Empty
;
large stomach, walls

shrunken and thick,

5 5 5f

5>

Half-digested Haddock, 13^
inches.

Backbone of a small flat-fish

and remains of a small
Cephalopod.

Empty
; shrunken.
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Table I.

—

continued.

Date. Place.

1901.

Oct. Eighteen to twenty-
two miles S.E.
of Fair Isle.

Depth.

Fms.

65

Length.

Cm. In

Contents of Stomach.

Empty ; shrunken.

One Haddock, 15^ inches.

Large : Fish pulp.

Small : Whiting, 10^ inches,

partly digested.

Small : Fish pulp.

Small: One Whiting, half-

digested.

Small: One Haddock, 14^
inches, partly digested

;

walls of stomach very thin
and distended.

Large : Empty, shrunken.

Very large : One Witch, 12
inches long, slightly

digested ; one Starry Hay,
5| inches broad, slightly

digested.

Large : One Whiting, about
14 inches.

Medium : One Norway Pout,
7^- inches, newly swallowed.

Large : Remains of a large
round-fish, about 20 inches.

Medium : Fish remains.

Small : Empty.

Moderate : Remains of a

round-fish.

Moderate : Fish remains.

Small : Empty.

Very large : Walls very thick.

Small : Remains of a round-
fish and pulp.

Very small : Empty.

Small : Empty.

,, Fish remains.

„ Empty.

Very large : Codling, about
23 inches, partly digested.

Small : Empty.
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Table I.

—

continued.

jjeptn.
Length.

Date. Place. Contents of Stomach.
Fms.

Cm. In.

1901.

Oct. Eighteen tp twenty- 65 Small : Empty.
two miles S.E.
of Fair Isle.

))
- -

"

-

Moderate : Remains of round-
fish.

- - Moderate : One Whiting, 5f
inches, fresh.

Large : Empty.

: - - Fish pulp and bones.

Small : Empty.

> )

>!

11 11

11 >)

Very small : Fish remains
and pulp.

Very small : Empty.
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VI.—SOME FURTHER OBSERVATIONS ON THE FOOD OF
FISHES, WITH A NOTE ON THE FOOD OBSERVED IN THE
STOMACH OF A COMMON PORPOISE. By Thomas Scott,

LL.D., F.L.S.

In my paper on the food of fishes published in Part ,111. of last year's

Report,* I gave the results of the examination of fishes belonging to fifty-

six different species. In the present paper twenty-two species are repre-

sented, sixteen of which are teleosteans and the others Rays and Dog
fishes. Their names are as follow :

—

Sehastes norveyicus (Ascan.),

Triyla gurnanlus, Lin.

Lampris luna (Gmelin).

Anarricliiclia>> lupus, Lin.

Lumpenus lampetixeformU
(Walbourn).

Muyil cJielo, Cuvier.

Lahrus mixtus, Lin.

Oadus luscuSj Lin.

„ esjiiarkii, Nilsson.

Molua molva, Lin.

Onos cimbrius, Lin.

Ammodytes tohiamis, Lin.

Drepanopsetta plattemjides (Fabr.).

Pleuronectes ajnoylossus, Lin.

Argentina spliyvama, Lin.

„ Silas (Ascanius).

Raia balls, Lin.

„ fullonica, Lin.

., radiata, Donovan.

„ circularis. Couch.

Squalus acanthias, Lin.

Seijlliorhinus canicula (Lin.).

The Norway Haddock.
The Grey Gurnard.

The King Fish.

The Cat or Wolf-fish.

The Sharp-tailed Lumpen us.

The Grey Mullet.

The Striped Wrasse.

The AVhiting Pout or Brassie.

The N'orway Pout.

The Ling.

The Four-bearded Rockling.

The Lesser Sand-eel.

The Long Rough Dab.
The Witch-sole.

The Hebridean Smelt.

The Greater Argentine.

The Grey Skate.

The Shagreen or Fuller's Ray.

The Starry Ray.

The Cuckoo or Sandy Ray.

The Picked Dog-fish.

The Lesser Spotted Dog-fish or

Rough-hound.

These fishes are referred to in the sequel in the order in which they are

given here.

At the- end of the notes on the food of these fishes I describe the

results obtained by the examination of the food found in the stomach of

a common Porpoise cast ashore last year in the vicinity of the Laboratory.

Sebastes norvegicus (Ascanius),

Three Sebastes, measuring 11|, lU, and 12 J inches respectively, and

captured in the North Sea in December 1901, had apparently been all

feeding on soft animal substances (probably Annelids), for though

each of their stomachs contained a quantity of food, thero was nothing

to show satisfactorily what it consisted of. Had "^t consisted of

Crustaceans, shell-fish, or fish, even considerably digested, the remains of

the harder parts, or some of them, would have afforded an indication of

the nature of the food.

* Twetttieth Annual Report of the Fishery Boardfor Scotland, Fart III., p. 486.
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Trigla gurnardus, Lin.

The stomachs of four Grey Gurnards were examined in March 1902.

The fishes measured 10^, 10|, 11 1, and 11| inches respectively; one of

the stomachs contained six specimens of Crangon allmanni and the remains

of a young Clupeoid ; another contained fragments of Crangon and the

remains of small Clupeoids ; in the stomach of the third were the

remains of Crustaceans and small fishes, but too imperfect for identifica-

tion ; while the fourth contained nothing that could be identified.

A King-fish, Lampris luna, was captured at Shetland on October

20th, 1900, and was forwarded to the Fishery Board's Laboratory at

Bay of Nigg. I had the privilege of examining the stomach of this fish,

and found that it had been living exclusively and largely on Cephalopods
;

unfortunately none of the Cephalopods were perfect enough for

identification, the soft parts being scarcely recognisable. The horny

jaws of the creatures had, however, been able to resist to a large extent
the solvent action of the digestive fluids, otherwise the determination of

the food would have been almost impossible. The number of Cephalo-
pod jaws found in this stomach was 108, and, as each Cephalopod has

Lampris luna (Gmelin).
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one pair of jaws, the number of these molluscs which had been

recently captured by the King-fish would therefore amount to fifty-four.

A few of the jaws were of a moderately large size, but the majority

were apparently those of small specimens. Amongst the digested

matter contained in this stomach were also a few things that looked

like the partially-dissolved ^cartilaginous shells of Cuttlefishes, but they

were so imperfect that no use could be made of them for the purpose

of identification.* The jaws, after being mounted on a slide, were

photographed by Dr. Williamson, and the accompanying figure is repro-

duced from the photograph.

Anarrhichas lupus, Lin.

The stomachs of eight Cat- or Wolf- fishes were examined ; the sh

were captured in the Moray Firth on May 16th, 1902, and were all of

moderately large size. The following is a note of the contents of each

of the eight stomachs:—

(1.) Fragments of a large Crab, Cancer pagurus, and of Ophiura sp.

(2.) Part of a large Buccinum undatam, and several large speci-

mens of Ophiura eiliaris.

(3.) Fragments of several large Soleji siliqua, the shell of a Natica

containing a small hermit Crab, and a specimen of Hijas

coardatus.

(4.) Fragments of a moderately large Cancer pagurus, of Solen

siliqua, and of Cardium echinatum, and a specimen of Aphrodite

aculeata.

(5.) Remains of Solen siliqua, Natica sp., Eupagurus bernhardus,

and Hyas coarctatus.

(6.) Fragments of Eupagurus bernhardus, and of several Ophiunc.

(7.) Fragments of Natica sp., and Venus lincta, and of a large

Eupagurus bernhardus. Eighty-two specimens of Star-fishes.

Ophiura eiliaris (Linn.). Some fragments of Echinocardium sp.

(probably E. cordatum). A specimen of Aplirodite acideata

and a fragment of a Zoophyte.

(8.) Remains of five Natica sp., and of Littorina littorea. Tvro

Eupagurus bernhardus, and forty-four specimens of Ophiura

eiliaris, all more or less complete.

Lumpenus lampetrmformis (Walbaum).

The food observed in the stomach of a Sharp-tailed Lumpenus
captured on the Fisher Bank consisted almost entirely of smail

Crustacea, the following species of which were identified :

—

Leucon

nasica, Diastylis resima, Bythocythere simplex^ Macrocypris minna,

Cytheropteron sp,, and Robertsonia tenuis. Two specimens of

Cyclichna 7iitidula, and one or two Operculina ammoides, a species of

Foraminifera, were also noticed. The Lumpenus is a fish that appears

to live on or near the bottom, and it is to be expected that demersal

organisms rather than pelagic will constitute the chief part of its

food.

* Dr. T. Wemyss Fulton, in his " Ichthyological Notes" in Part III. of the
Nineteenth Report of the Fishery Board for Scotland, also incidentally refers to the large

number of Cephalopod mandibles observed in the stomach of the King-fish.
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Mugil chelo, Cuvier.

A Grey Mullet about 14-| inches in length, captured by the salmon

fishers at the Bay of Nigg on March 14th, 1902, and which was kindly

handed over to the Laboratory for examination. It belonged to the same

species as those obtained in the Bay last year, viz. Mugil chelo. There

was some food in the stomach of this specimen, but it was too much
digested for satisfactory identification.

Another specimen, captured on the 11th of June, had also in its stomach

very little food that could bo identified, the only organisms satisfactorily

distinguished were one or two Temora longicornis and a number of

specimens of the Cypris stage of Balanus sp.

Lahrus mixtus, Lin.

A specimen 12J inches in length was captured 15 miles north-east from

Tiumpan Head, Lewis, in 70 fathoms, in May 1902, and sent to the

Laboratory at the Bay of Mgg for examination. The stomach of this

specimen contained nothing perfect enough for identification, but in the

intestines were found the vertebrae of fishes, fragments of moUuscan
shells, and some small rounded stones.

Several specimens of Clavella lahracis, v. Beneden, were obtained on

the gills of this Lahrus.

Gadus luscus, Liu.

Several specimens of the Whiting Pout, varying in length from 7f to

1
1
1 inches and captured off Aberdeen in January last year, appear to have

been feeding chiefly on Crustaceans. The food found in the stomach of

the smallest specimen (7| in.) consisted of the remains of Annelids,

belonging apparently to the Chaetopodai, and of fragments of Scliizopoda

and Amphidoda, but the only organism that could be satisfactorily

identified was a male specimen of Erichthonius hunteri (Spence Bate).

A Whiting Pout 9| inches in length had in its stomach four small

Cephalopods (Rossia ? macrosoma, Delle Chiage), and a specimen of

Pandalus montagui, Leach. In the stomach of another 10 inches long

were the fragments of what appeared to be Spirontocaris securifrons,

Norman. Fragments of what looked like Schistomysis inermis were
observed in the stomach of another 10^ inches in length ; while in the

stomach of the largest of these Whiting Pouts were found Crangon
allmanni, Kinahan, Pandalus montagui, Leach, and Pandalina
hrevirostris (Rathke)—the length of the fish was 11J inches.

Gadus esmarkiiy Nilsson.

A considerable number of Norway Pouts captured in the North Sea
have been examined, but as there was a good deal of similarity in the

contents of their stomachs, only a few are particularised here. Small
Crustaceans were largely represented amongst the contents of their

stomachs, bnt Schizopods, Parathemisto and pelagic Copepods were more
frequently observed than other members of that group, as shown by the

following sample of the fishes, which ranged in length from about 5| to

6j inches.
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Len(;tii of
Fish.

Contents of Stomach.

inclies

51

5$ „
6 „
6i „

6f „

Numerous small Schizopods, genus and species doubtful,

Temora longicornis, few.

Numerous small Crustaceans, which look like Temora lowji-

cornis, but too imperfect to be satisfactorily determined.
Several Parafhemisto ohliria.

This contained nothing that could be identified.

Remains of small Schizopoda and a number of Temora longi-

cornis.

Numerous examples of Parathemisto and a minute Isopod—the

male of a species belonging to the Chelifera.

Molua molva, Lin.

A number of Ling were examined, the food of which consisted chiefly

of small fishes. It has been observed that the Ling, more than any other

gadoid, is in the habit, when captured, of ejecting not only its food but

also its stomach, turning it inside out just as one turns the finger of a glove,

so that when visiting the market it is not uncommon to see Ling with

their stomachs protruding from their mouths.

Onus cimhrius, Lin.

Twenty specimens of the Four-Bearded Rockling captured on the

Bressay Shoal at a depth of 75 fathoms, on December 11th, 1901, were

examined, and the contents of their stomachs recorded. As this species

was not included amongst those in my previous paper on fish food, I give

a more detailed account of the food observed in this sample from Bressay

Shoal. Their sizes ranged from 6j to 11| inches, and their food, as

shown in the appended tabular account, consisted chiefly of small

Crustacea :

—

Size of the
Fish.

6S inches.

u
n
8

9

9

n
mm
m
Hi

Hi

Hi

Contents of the Stomach.

Pseudociima cercaria, Metopa nasiita, and some other

Crustacean remains.
Metopa nasuta and remains of some other Crustacea,

Remains of Amphipods, but the species doubtful.

Metopa nasuta and remains of other Crustacea.

Crustacean remains, but too imperfect for identification.

Contents of stomach similar to the last.

Erythrops s])., Endorella sip., HaHmedon parvimaniis ; Aceros
phyllonyx ; Cylichna sp.

Lexicon nasica (male) and some mucus.
Fragments of Calocaris macandrea' ; Erythrops sp. , Leucon

nasica; Aceros phyllonyx; Phystisica marina; a young
Dragonet, 15 mm. long.

Metopa nasuta and a small lamellibranch shell.

This stomach contained only a little mucus.
Remains of two small flat fishes, and fragments of small

Crustaceans.
Metopa nasuta, and remains of some other Crustaceans.
The food of this stomach consisted of fragments of Crustacea,

but too imperfect for identification.

Fragments of Aceros phyllonyx, Eudorella sp., and Annelids.
The only food observed in this stomach consisted of the

remains of Chaetopod Annelids.
Campylaspis sp. (male) ; Halimedon parvimanus ;

Metopa
rubrooittata and Aceros phyllonyx.

Fragments of Aceros phyllonyx and the remains of some other

Crustaceans.
This stomach contained nothing that could be identified.

Remains of Cha^topod Annelids only.
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Ammodytes tobianus, Lin.

Several immature specimens of the lesser Sand-launce, captured in the

North Sea and measuring from 5 to 7 inches in length, were examined,

but the only organisms observed in their stomachs were one or two small

fragments of Zoophytes.

Drepanopsetta plattessoides (Fabr.).

The examination of twentj^-two Long Rough Dabs, chiefly of small

size, yielded the following results :—Four contained nothing that could be

identified
;
Boreophausia sp. was found in one

;
Leptomysis gracilis (two

specimens) occurred in one; and the remains of a Schizopod, the genus
and species of which were doubtful, were observed in one. The remains

of small Echinoderms, including a minute Echinus, the plates, pedicel-

lariae, and fragments of the arms of Brittle Star-fishes were obtained in the

stomach of twelve of the fishes examined, while the remains of small

Annelid tubes were observed in nine. A few specimens of Foraminifera,

such as Globigerina, Discorhina, etc., probably derived from the worm-
tubes, were also observed, but these only occurred in three stomachs.

One of the fishes measured about seven inches, but the others ranged
from three-and-a-half to about four-and-a-quarter inches in length.

Pleuronectes cynoglossus, Linn,

The stomachs of two Pole-dabs or Witches captured on the Fisher

Bank were examined, and found to contain a considerable quantity of

food ; the contents of both were much alike and consisted almost

entirely of small Crustaceans, and the following are the species identi-

fied :

—

Diastylis resvna, Lamprops rosea, Maera loveni (fragments),

Arnpelisca sp., and the remains of one or two other Cumaceans and
Amphipods. Fragments of one or two small Annelids were the only

other organisms observed.

Argentina sphyncna, Lin.

A number of Argentines were captured to the eastward of the Shetland

Islands in December 1901, and the subsequent examination of their

stomachs showed that they had been living chiefly on small Crustacea,

Star-fish, and Annelids, but the contents of a considerable proportion of the

stomachs were indistinguishable. The following tabulated results will

show the nature and amount of the food observed. The lengths of the

fishes are in centimetres :

—

[Table.
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Contents of the Stomach.

The contents of the stomach consisted entirely of the remains
of brittle starfishes ( ? Amphiiira) and a small quantity of

mucus.
This stomach contained nothing that could be identified.

The only organisms observed in this stomach were a single

Parathenitsto ohlivia and and a Metopa, the species of which
is doubtful.

Five Parathemisto ohlivia, a Metopa (sp. ? ) and some Annelid
remains.

Nothing that could be identified was observed in this stomach.
Five Parathemisto ohlivia and some mucus.
The remains of brittle starfishes (probably Amphiura) were the

only objects that could be determined.
This stomach contained nothing that could be distinguished.

The objects observed in this stomach were a Philine, probably
P. nitida, but the shell had become too much digested for

identification, and the remains of a few Chastopod Annelids.
Two Parapleustes latipes (M. Sacs) aud fragments of another

species of Amphipod.
One Parapleustes latipes, a minute (young) Astropecten irregu-

laris, and the remains of small Chajtopod Annelids.
Four specimens of Parathemisto ohlivia were the only organisms

that could be determined in this stomach.
In this stomach there was nothing that coiild be identified.

Eight smaller Argentines captured on the Great Fisher Bank in June
1902 were also examined. They measured from 17 to 20 centimetres in

length
; the food in the stomachs of three specimens was too much

decomposed for identification, two others contained fragments of Annelids,

and three the remains of small Crustacea—the only form identified being
a young Pandalus.

Argentina silus (Ascanius).

Two specimens of the Greater Argentine—one from the Fisher Bank,
the other from about 57 miles north-west of the Outer Skerries, and
captured in April and June 1902, were examined

;
they each measured

about thirteen inches from the base of the tail to the anterior extremity.

The only organisms in the stomach of the one from Fisher Bank, perfect

enough to be identified, were a number of Calanus, while the food

observed in the stomach of the other consisted chiefly of the remains of

Nijctiplianes.

Raia circularis, Couch.

The stomach of a Cuckoo Ray captured at Station VI., Firth of Clyde,
on October 25th, 1901, and sent to the Laboratory from the s.s.

"Garland," was examined on January 16th, 1902, and the following

Crustaceans, etc., were observed in it :—Remains of one or two Hyas
coarctatus, fragments of Stenorhynchus ; a whole specimen of Corystes

casdvelaunus
; twenty-two specimens of Spirontocaris pusiolus ; seven

specimens of Pandalina brevirostris, one Virhius varians ; nine specimens
of Ampelisca spinipes; fragments of Amphidotus sp., a small Solen sp.,

and a small Butterfish, Pholis Gunnellus \ there were also a few specimens
of the Annelid species, Ammotrypane aulogoster, and fragments of one or

two other forms that could not.be identified. The size of this specimen
of Raia circularis was not stated. Another specimen of the same kind of

Ray captured in the North Sea and examined on March 14th had some
remains of round-fishes in its stomach, but they were too much digested
for identification; this specimen measured seventeen-and-a-half inches
across the pectoral fins.

Ljjnoth of the
Fish.

20-0 centi-

metres.

'20-5

20-5

20-5

20-5
21 -0

21-0

21-0

21-0

21 0

23-0

24 0

24 0



of the Fishery Board for Scotland. 225

Raia batis, Lin.

A specimen of Grey Skate, measuring sixteen-and-a-quarter inches

across the pectoral fins, had in its stomach the remains of Crangon
allmanni, but apparently nothing else.

Maia fuUonica, Lin.

A specimen of Fuller's Eay, measuring fifteen-and-a-half inches across

the pectoral fins, had also been feeding on Crustacea, but the species

could not be determined.

Baia radiata, Donovan.

The stomach of a small Starry Ray was found to contain only the

remains of fish too imperfect for identification.

The three fishes referred to above, which had been obtained from a

trawling steamer working in the North Sea, were examined in March
1902.

Squalls acanthias, Lin.

A considerable number of Picked Dog-fishes have been examined for

ecto- and ento- parasites, and as their stomachs were also examined, I

append some observations on the food observed in the stomachs of these

specimens. The number of specimens referred to here is twenty-two.

Thpy were captured in the North Sea, and forwarded to the Laboratory

during the month of March 1902. Eight were examined on the 7th,

four on the 14th, and ten on the 26th of the month.

Size of the
Fish.

3 feet 61^- inches.

2
2
2
9

„ 81

„ 94

„ U
., 6

„ 81

„ 0

„ 5

„ 81

„ 11

„ 11

Contents of the Stomach.

Nothing that could be identified.

Only the remains of round fishes.

A moderately large Herring.
Only two small Dabs.
The food was very much digested, but consisted apparently

of fishes, as the two ear-stones of a small Whiting were
obtained.

Part of a full-grown Herring \7as observed.
Part of a young Coal-hsh.

The remains of fishes, but the species was not determined.
The remains of one or two Long Rough Dabs.
The remains of fishes, but the species doubtful.
The contents of this stomach was similar to the last.

Contents similar to the last.

Fragments of two Gadus esmarkii

Two nearly whole Gadus esmarkii and remains of others,
also a portion of the testes of a moderately large Gadoid.

The only objects in this stomach that could be distinguished
were a few fish eggs.

One small Gadus esmarkii and the remains of another.
A Herring about 9| inches long.

Fragments of a Lemon Sole about 8 or 9 inches long, a
Gadoid about 6-|- inches, and the remains of a fish, not
determined, about 9 or 10 inches long.

Fragments of a moderately large Herring and a small
Gadoid.

Remains of a Gadoid and a Sand-eel.
Fragments of a moderately large Herring, and some other

hsh remains.
Fragments of a large Herring, and other fish remains.
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All these Dog-fishes were females. On the gills of several of them
Eudadylines were moderately frequent, while Tetrarliynclii were observed
in the stomachs and intestines of all but a few of those examined.

Scylliorhiniis canicula, Lin.

The following three specimens of Lesser Spotted Dog-fishes were
obtained among the Picked Dog-fishes just referred to. The food observed
in their stomachs consisted entirely of fishes as under :

—

Size or Fish. Contents of Stomach.

2 feet 4| inches.

2 „ H „
2 „ 5i „

A Herring 8| inches in length.

Fragments of a Herring apparently of moderate size.

Remains of fishes too imperfect to be determined.

A number of other fishes have been examined, including the Greater
Fork-Beard Phycis Uennoides (Brun,), the Twaite Shad, Clupea Jinta,

Cuvier, and the Conger Eel, Conger niger (Risso), but as their stomachs did

not contain any matter that could be identified they are not specially

referred to in this paper. It may be remarked also that several fresh-

water Perch, Perca JJuviatilis, Roiideletius, kindly sent to me by Dr.
Williamson from Marlee Loch, Forfarshire, and which were examined to

ascertain the nature of their food, were found to have been living almost

exclusively on insect larvse. !N"o parasites were observed on the gills of

these fishes, but roundish sacs were frequent on the wall of the body
cavity and appeared to contain encysted Cestoids.

Note on the Food observed in the Stomach of a Common
pokpoise.

The following description of the contents of the stomach of a Common
Porpoise captured in the Bay of Nigg in the vicinity of the Laboratory

may be of interest, as serving to show how destructive these Cetaceans

may be when they get among a shoal of fishes.

The specimen referred to had become entangled in the nets of the

salmon fishers at the Bay of Mgg, and having in this way been prevented

from coming to the surface for respiration had been sufi"ocated. It was
captured on the 18th of June 1902, and measured about 3 feet 9 inches

in length, and it appeared to be healthy and in good condition, except

that some of the passages of the liver were crowded with brownish-

coloured thread-worms ; what appeared to be the same kind of worms were

also found encysted in various parts of the liver, while many of them, in a
" free " condition, were found in the stomach.

The only food found in the stomach consisted of the partly digested

remains of fishes which, for the most part, appeared to be Whitings.

Besides the rcjmains of the soft parts of the fishes, no fewer than two
hundred and eighty earstones (or otoliths) were obtained

;
fully two

hundred and forty of them were almost certainly those of Whitings, the

majority of which represented fishes of moderate size—probably about

eight inches or so in length. Twelve other otoliths were small and of an

oblong form, they were not so attenuated at the ends as the

typical Whiting earstone, and appeared to belong to the young of

some other Gadoid ; the remainder—about twenty-two in number—were

extremely small, and somewhat resembled the earstones of Sand-eels.



of the Fishery Board for Scotland, 227

One or two of the largest of the Whiting earstones measured ten milli-

metres in length and a number of them nine millimetres, but the average

length would be about eight millimetres. A considerable number of the

earstones were found scattered over the surface of the stomach mixed up
with the soft partly digested matter, but by far the larger number were

found neatly packed together in the narrow distal end of the stomach

;

these earstones were remarkably clean and perfect. A few of the

smaller of the Whiting earstones were slightly eroded by the solvent

action of the digestive fluids. It may be mentioned that the intestines,

which were of great length, contained very little matter, and no parasites

were in them or in the other viscera except those already referred to.

Usually a Whiting has only two earstones, so that the two hundred and
forty found in the stomach and which almost certainly belonged to

Whitings represented one hundred and twenty fishes, and if each pair of

the remainder represented a fish, the earstones found in this stomach
would represent one hundred and forty fishes. But, while making every

allowance for the voracity of these cetaceans, it is hardly likely that this

Porpoise had taken all these fishes at a single meal
;
but, judging from

the perfect condition of the majority of the earstones, they could not have
been long in the stomach. The annexed woodcut is reproduced from a

photograph of the earstones as ari-anged and mounted on a slide.
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VII.—ICHTHYOLOGICAL XOTES.

By Dr. T. Wemyss Fulton.
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Bass,

Mutilated Plaice,

Common Sole, -

Norway Lobster,
The Sexes among Rays,

Sturgeon.

Sturgeons are occasionally caught in the trawl-net and brought to

market, and they are as a rule taken near the land in moderate depths of

water : most of those got last year were captured off the coast of Aber-

deen. On 27th January one weighing 2|- cwts. was caught fifty miles

E.N.E. from Aberdeen, about thirty miles east from Peterhead, where
the water, on the chart, is about sixty fathoms. Another was secured

on 3rd February, "^which weighed 98 pounds, twenty-four miles S.E. J E.,

in about forty fathoms. A third on 27th May 170 miles N.E. by E.from
Aberdeen, in from sixty-five to seventy fathoms, nearly midway between

the Orkneys and Norway, weighed three cwts. and was nine feet long by
three-and-a-half feet in girth ; it sold for <£8 2s. Another sturgeon, a

little shorter, measuring eight feet long, by three feet one inch in girth,

weighed two cwts,, and was caught on 29th July eighteen miles E.S.E.

from Aberdeen. A fifth was taken on 20th December fourteen miles

E.N.E. from Aberdeen, in from thirty to forty fathoms; it was a small

specimen, weighing only forty-three pounds. A sixth was taken on 22nd
December, twelve miles S. | E. from Girdleness, Aberdeen, in chirty-

five fathoms. It weighed seventy-seven pounds, and sold for £Z 8s.

The localities are indicated on the chart (Plate I., S 1-S 6).

Specimens of this form are not very uncommon in the Fish-market.

One was taken on 15th February, twenty-three miles east-south-east of

Aberdeen, in about forty fathoms, and another by a liner, on 5th July,

one hundred miles north and by east from Xorth Eonaldshay, Orkney

Islands, in deep water.

Specimens of this species are also occasionally brought in by the

liners working to the westwards of the Shetland and Orkney Isles.

On 7th June one was caught eighty miles jST. by from Hoy,

Orkneys ; on 5th July two were taken one hundred miles X. and by E.

from North Ronaldshay ; and on 22nd August, another, about 201

KiXG-FiSH {Lampri^ Juna).
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miles east from Aberdeen, on the edge of the Norwegian deep water.

A specimen of the king-fish, measuring forty-one inches in length and

weighing fifty-six pounds, was found lying on the beach at Usan, near

Montrose, on 1st November 1902. Mr. Wm. Nisbet, the Fishery

Officer, in communicating the fact, stated that no other specimen is

known to have been taken in the neighbourhood since 1845, when one

was caught in a salmon stake-net in the same locality.

Muller's Topknot (Zeugopferus pundatus).

A large specimen of this species, measuring 23-2 centimetres (9^
inches) in extreme length, was caught among the rocks at Peterhead on

the 19th September and kindly forwarded to the Laboratory by Mr.

Andrew Cowe.

The Ballan Wrasse (Labrus maculatus).

Two specimens were kindly forwarded by Mr. Robert Hendry, the

Fishery Ofiicer at Lerwick, which had been caught on the haddock lines

a few miles off Bressay Island on 22nd November.

Bass {Labrax lupus).

A specimen of the bass was caught on 5th. February at Kincardine-on-

Forth, and kindly forwarded to me by Mr. Spowart, l>i)'ness.

Mutilated Plaice.

A plaice 33 centimetres in length was taken in the trawl-net on 26th

May, which had been mutilated apparently some time previously, the

dorsal and ventral fins and the anal having been cut off close all round
and the wound cicatrised. The fish was rather thin, but otherwise

apparently healthy. It is interesting as showing the survival of a flat-

fish with only the caudal fin and the pectorals.

Common or Black Sole.

On 26th April a trawler landed a number of soles, which are rare on
the East Coast, estimated to weigh about a stone, taken eleven miles

W.S.W. of Cape Wrath.

Norway Lobster {NepJirops Norvegicus).

These are sometimes taken in large numbers by trawlers. On 27th
November one landed two cwts., of an estimated quantity of forty to fifty

cwts., taken eighty miles E.N.E. of Aberdeen in seventy fathoms, the

rest being thrown overboard, and on 5th October another landed three

cwts. taken about ninety miles E.N.E., a much greater quantity having
been thrown away. There is scarcely a demand for them on the market.

In a haul in fifty fathoms in the Moray Firth in April two basketfuls

were caught, most of them being small.

The Relative Numbers of the Sexes among Skates and Rays.

During the course of the work on trawlers a large number of rays were
taken, and in many instances the proportional number of the males and

p
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females determined. These were supplemented by similar particulars

obtained by Mr. P. Jamieson at the Fish-market, and the collective

results are here exhibited :

—

Species.

Females. Males.

Total No.

No. 7o No. 7o

Grey Skate {R. batis), 666 51 -3 631 48-7 1,297

Shagreen R&j {R. fullon-ica), 4 50-0 4 50-0 8

Thornback Ray {R. clavata), 660 65-7 344 34-3 1,004

Sandy Ray {R. circularis). 29 61-7 18 38-3 47

Starry Ray [R. radiata), - 510 54-7 422 45-3 932

It will be observed that in no case do the males exceed the females in

number, and that with the exception of the shagreen ray, where the

numbers are probably too small to indicate the real proportion, the

females are in excess. The amount of the excess, however, varies. There

is almost equality in the case of the common skate, while with the thorn-

back, the starry ray, and the sandy ray—although here the figures are

small—the excess of females is very considerable. The measurements

are scarcely sufficiently numerous to show the relative sizes of the sexes,

but they suffice to indicate that the female is the larger. Thus the

average breadth of forty-nine female starry rays was 26-2 cm., and the

average breadth of thirty-one males 25*0 cm. Thirteen female thornbacks

had a mean width of 16'1 cm., and sixteen males a mean width of 14*2

cm. Six female common skates had a mean width of 41 '4 cm., and six

males 37'8.

The measurements are not perhaps numerous enough to enable much
to be said with regard to the rate of growth except in the case of the

starry ray. I give some of the measurements of the latter arranged in

centimetre groups.

[Table
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Centimetres, OctoVjer. November.

8-9 2 -

9-10 _ -

10-11 _

11-12 _

12-13 _ _

13-14 3
14-15 2 1

15 16 2 _

16-17 5 2
17 18i/-lo 0 1

18-19 3 1

19-20 9 4
20-21 9 5
21-22 4 8

22-23 4

23-24 1 3
'

24-25 3 I'"

25-26 6 6

26-27 12 11
97 98 co
28-29 11 10
29-30 10 14
30-31 1 9
31-32 2 3
32-33

33-34
34-35
35-36
36-37 1

In the October measurements, which refer to specimens taken off

the Shetlands, there appear to be four groups represented, the first by-

two specimens 83 and 87 mm.; the second ranging from 131 mm. to

227 mm., the mean breadth being 187'6 mm. (7| inches); the third

measuring from 235 mm. to 315 mm., the average width being 275*1 mm.
(IQiJ inches), and one specimen of 364 mm. The November measure-

ments from the Moray Firth represent two groups, one from 145 mm.
to 219 mm., the mean width across the pectorals being 193*2 mm. (or 7§
inches), and one ranging from 233 mm. to 316 mm., the mean width

being 280*5 mm. or 11^ inches. If the limits of the groups are correct,

the growth in width in a year would be about Zj\ inches in the October

series and 3| inches in the November series ; and probably this fairly

well represents the actual growth of the starry ray.
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Aberdeen Bay : Hauls in, 30, 37.

Agonus cataphractus : see Armed-Bull-
head.

Ameira ambigua, 114.

longipes, 114.

longicaudata, 115.

piisilla, 114.

Anarrhichas lupus : see Cat-fish.

Anemophila peltata, 129.

Angler {Lophius piscatorius) :

Age at maturity, 194.

Distribution of, 186.

Eggs of, 189.

Food of, 186. 195.

Growth of, 186, 189.

Larva3 of, 189.

Migration of, 189.

Size at maturity, 194.

Spawning of, 189.

Young, scarcity of, 187-

measurements of, 187.

Argentina silus : see Greater Argentine.
sphynma : see Hebridean Smelt.

Argentine, 29, 30.

Armed-Bullhead {Agonus cataphractus),

74.

Age when first mature, 77-

Distribution of, 74.

Proportion of sexes, 74.

Rate of growth of, 76.

Spawning of, 74.

Arpacticus nobilis, 130.

Attheyellay 114.

Bass {Lahrax lupus), 229.

Beam-trawl : Efficiency of, compared with
otter-trawl, 30.

Bib (Gadus luscus), 28, 29, 30.

Bothus maximus : see Turbot.
rhombus : see Brill.

Bradya minor, 113.

Brassie : see Whiting Pout.
Brill {Bothus rhombus), 51.

Distribution of, 51.

Food of, 52.

Migrations of, 51.

Brosmius brosme : see Tusk.
Burghead Bay : Hauls at, 17, 18, 33, 36.

Deep-water fishes present in, 35.

Caithness : Hauls off, 18.

Calanoida, 110.

Candacia pectinata, 113.

CanthocamptuSy 114.

inconspicuus, 117.

parvus, 117.

Carcinus mcenas :

Development of, 142.

Eggs of, 138.

External sexual characters of, 160.

Hatching period of, 137.

Larval stages of, 139.

Carcinus mtenas

:

Megalops of, 139.

Moulting of, 173.

Rate of growth of, 163.

Sizes of the different stages of, 162.

Spawning of, 138, 174.

Zoea of, 139.

Cat-fish {Anarrhichas lupus), 63.

Distribution of, 63.

Food of, 220.

Migration of, 64.

On deep-water grounds, 23.

Rarity of small specimens, 64.

Cephalopods :

Eaten by Anglers, 199.

Eaten by King-fish, 219.

Chimoira monstrosa, 224.

Cletodes lata: 121.

Umicola, 120.

neglecta, 120.

propinqua, 121

.

Chipea harengus : see Herring.
eprattus : see Sprat.

Coal-fish (Gadus virens), 59.

Distribution of, 59.

Food of, 20.

Habitat of young, 60.

Migrations of, 60.

Cod {Gadus callarias), 54.

Distribution of, at various stages, 54.

Common Dab {Pleuronectes limanda)

:

Distribution of, 44.

On deep-water grounds, 45.

Spawning of, 45.

Common Sole : see Sole.

Copepoda, 110.

Crabs, hatching of, 181.

Cromarty, Suters of : Hauls oft", 17.

Cuckoo Rav {Eaia circidaris) : Food of,

224.

Dab, Common : see Common Dab.

Dactylopus brevicornis, 128.

coronatus, 128.

Jiavus, 128.

littoralis, 124.

longirostris, 126, 127.

77iinutus, 126.

mixtus, 126.

parvus, 128.

stromii, 127.

tenuiremis, 127.

vararensis, 125.

Deep-water Grounds : Hauls on, 19, 27-

Plaice on, 41.

Delavalia a'mida, 116.

minutissima, 116.

rejlexa, 116.

robusta, 116.

Development of Carcinus m<vnas, 142.

Distribution of Food Fishes, 40.

Value of statistics thereanent, 38.
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Dislribution of Food Fishes, 40

—

contd.

Variation according to ground, 38.

Angler, 186.

Armed-Bullhead, 74.

Brill, 51.

Cat-fish, 63.

Coal-fish, 59.

Cod, 54.

Common Sole, 54.

Flounder, 42.

Hake, 62.

Halibut, 53.

Lemon Dab, 46.

Ling, 62.

Megrim, 50.

Plaice, 40.

Pollack, 60.

Solenette, 53.

Turbot, 51.

Witch, 49.

Dog Hole : Hauls at, 17, 45, 46, 49,52, 55.

Plaice at, 41.

Dornoch Firth : Hauls in. 35.

Drepanopsetta platessoides : see Long
Rough Dab, 223.

Ectinosoma curticorne, 113.

r/racile, 113.

herdmani, 113.

Eggs of Angler, 189.

Carcimis mcenas, 138.

Eledone, 199.

Enhydrosoma curvatum, 122, 123.

gracile, 122.

minutmn, 123.

Eucalanus, 110.

crassus, 110.

elongatus, 110.

Expense of fish -hatching, 181.

Experiments with small-meshed nets, 40.

Fish-hatching : Expense of, 181.

Fishing grounds : Method of ascertaining
productiveness of, 38.

Fisher Bank : Catches from, 38.

Hauls on, 25.

Plaice on, 41.

Statistics relating to, 38.

Flounder {Pleuronecfes Jlesus) : Distribu-
tion of, 42.

Migrations of, 42.

Spawning of, 43.

Food Fishes : ("Classification of market-
able, by trawlers :

Distribution of, 38, 40.

Migration of, 40.

Food of Fishes : 218.

Angler, 186, 195.

Brill, 52.

Cat-fish, 220.

Cuckoo Ra}^ 224.

Four-bearded Rockling, 222.

Greater Argentine. 224.

Grey Mullet, 220.
'

Gurnard, 219.

Hebridean Smelt, 223.

King-fish, 219.

Lesser Spotted Dog-fish, 226.

Long Rough Dab, 223.

Lumpemis, 220.

Food of Fishes: 218

—

continued.

Norway Haddock, 218.

Norway Pout, 221.

Picked Dog-fish, 225.

Porpoise, 226.

Striped Wrasse, 221.

Turbot, 52.

Whiting Pout, 221.

Four-bearded Rockling (Ono-s c'mihrim

Food of, 222.

Gadus luscus : see Whiting Pout.

callarlas : see Cod.
esmarhii : see Norway Pout.

poUachius : see Pollack.

virens : see Coal-fish.

Great Silver Smelt : see Greater Argentine
Greater Argentine {Argentina silus), 27.

Food of, 224.

Grey Mullet {Mugil chelo) : Food of , 221.

Grey Skate {Raia hatis) : Proportion of

sexes, 230.

Grounds : Effect of change of, on fishery

statistics, 38.

Growth : see Rate of.

Gurnard, Grey or Common :

Food of, 219.

On deep-water grounds, 24.

Haddock : Abundance of small, 32.

Dispersal of, after spawning, 20, 22.

Large old specimens inshore, 35.

Spawning of, 20, 21, 28.

Hake {Merlncc'ms vulgaris), 62.

Distribution of, 62.

Young of, 63.

Halibut {Hippoglosms vulgaris), 53.

General size of those caught by
trawl, 53.

Distribution of, 53.

Harpacticida?, 113.

Hatchery : Expense of, 181.

Operations at, 180.

Hatching of Crabs, 181.

of Lobsters, 181.

of Plaice, 180.

Hebridean Smelt [Argentina sphyrtvna) :

Food of, 223.

Herring {Clupea harengus) : 30, 52, 65.

Caught in otter-trawl, 65.

Distribution on bottom, 65.

Hippoglossus vulgaris : see Halibut.

IcHTHYOLOGiCAL Research : Committee
on, and Statistics, 38.

International Investigation Committee :

Statistics for, 38.

KiNG-FisH [Lampris luna), 228.

Food of, 219.

Lahidocera iwllastoni, 113.

Lahrus mixtus : see Striped Wi'asse.

Lampris luna : see King-fish.

Laophonte curticauda, 119.

denticornis, 119.

gracilis, 119.

hispida, 119.

inopinata, 119.

intermedia, 119.
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Laophonte curticauda, l\9—co7itimied.

lamellifera, 119.

Htforale, 119.

serrata, 120.

thoracica, 119.

Laophontodes typicus, 120.

Larviie of Angler, 189.

Larval stages of Carcinus mcenas, 139.

Lemon Dab {Pleuronectes microcephalus),

46.

Distribution of, 46.

Distribution of young, 47.

Dwarf mature specimens, 48.

Migrations of, 46.

On deep-water grounds, 24.

Sizes of, on deep-water grounds, 47.

Spawning of, 48.

Lemon Sole : see Lemon Dab.
Lepidorhombus vjJiiff: see Megrim.
Lesser Spotted Dog-fish {Scylliorhinus

canicnla) : Food of, 226.

Lesser Weever (
Trachinus vipera), 69.

Larger on east coast than on west,

71.

Migration of, 70.

Proportion of sexes, 70.

Size of males and females, 70.

Size when first mature, 71.

Spawning of, 70.

Lichomolgidce, 130.

Lichomolgus, 130.

fucicolus, 131.

Ling {Molua molva), 62.

Distribution of, 62.

Little Sole : see Solenette.

Lobsters : Hatching of, 181.

Long Rough Dab {Drepanopsetta plates-

soides) : P'ood of. 223.

On deep-water grounds, 23.

Lophius piscatorius : see Angler.

Lumpenus lampetrrefonnis, 29, 35, 198.

Food of, 220.

Lythe : see Pollack.

Mackeb,y,t, {Scomber scomhrus), 30, 33,68.

Caught in otter-trawl.

Caught in deep water in winter, 69.

Marketable and Unmarketable Fishes :

Classification of, 40.

Megalops of Carcinus mmias, 139.

Megrim {Lepidorhombus whiff), 50.

Abundant in deep water on north-

eastern grounds, 50.

Distribution of, 50.

Merluccius vidgaris : see Hake.
Metridia lucens, 113.

Migration of Fishes : Value of statistics

in connection with, 38.

Experiments on, 42.

Food Fishes, 40.

Angler, 189.

Brill, 51.

Cat-fish, 64.

Coal-fish, 60.

Flounder, 42.

Lemon Dab, 46.

Lesser Weever, 70.

Plaice, 40, 42.

Pollack, 61.

Turbot, 51.

Witch, 49.

Molua molva : see Ling.

Moulting of Carcinus mamas, 173.

Mugil chelo : see Grey Mullet.

MnUer'sToTpknot {Zeugopterus punclalus),
229.

Nannopus palustris, 124.

Neobradya pertinifer, 117.

Nets : Experiments with small-meshed,
40.

North Sea : Special fishery statistics of,

37.

Norway Haddock {Sebastes norvegicus),

20, 21, 23, 28, 29.

Food of, 218.

Norway Lobster {Nephrops norvegicus),

225.

Norway Pout {Gadus esmarkii), 20, 25,

30, 35.

Food of, 221.

Onus cimbria : see Four-bearded Rock-
ling.

Otter-trawl : Efficiency of, compared
with beam-trawl, 30.

Palatychelipus littoralis, 124.

Paranthesslus, 130.

dubius, 130.

Parapontella brevicornis, 113.

Parastephos pallidus, 111.

Picked Dog-fish {Sqiialis acanthias) :

Food of, 221.

Place of Fishing : Necessity of ascer-

taining, for statistics, 38.

Place of Fishing of Aberdeen trawlers in

1901 and 1902, 38.

Plaice : Distribution of, 21, 24, 26.

Distribution of young and adult, 40.

Extent of migrations of, 42.

Hatching of, 180.

Migration of, 40.

Mutilated specimen of, 229.
On Fisher Bank, 41.

Rate of movement of, 42.

Size of, on deep-water grounds, 41.

Platophrys laterna : see Scald-fish.

Pleuronectes cynoglossus : see Witch.
limanda : see Common Dab.
microcephalus : see Lemon Dab.

Pogge : see Armed-Bullhead.
Pollack {Gadus pollachius), 60.

Distribution of, 60.

Migration of, 61.

Spawning of, 61.

Quantities landed by trawlers, 61.
Pontella ivollastoni, 113.

Porpoise : Food of, 226.
Productiveness of Fishing Grounds

:

Method of ascertaining, 38.

Pseudocyclops obtusatiis, 112.

Pseudophcenna typica, 112.

Pseudopsyllus elongatus, 130.

Rate of Growth of Angler, 186, 189.
Armed-Bullhead, 76.

Carcinus mamas, 163.

Lesser Weever, 71.

Starry Ray, 230.
Rate of movement of Plaice, 42.
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Rays : Relative number of sexes, 229.

Size of males and females, 230,

Rhizothrix curmta, 123.

Sail-Fluke : see Megrim.
Saithe : see Coal-fish.

Sandy Ray {Raia circu^aris) : Propor-
tion of sexes, 230.

Scald-fish (Platophrys laterna), 51.

Scomber scomhrus : see Mackerel.
Sehastes : see Norway Haddock.
Sex : Relative numbers of males and

females among Skates and Rays, 229.

Sexual characters, external, of Carcinus
m(enas, 160.

Shagreen Ray {Raia fnUonica) : Pro-
portion of sexes, 230.

Shore-crab : see Carcmus mamas.
Skates : Size of males and females, 230.

Relative number of sexes, 229.

Smith Bank : Hauls on, 18.

Sole, Common {Solea vulgaris), 32, 54,

229.

Distribution of, 54.

Solea lutea : see Solenette.

vulgaris : see Sole.

Solenette (Solea lutea), 53.

Distribution of, 53.

Spawning pond, 181.

Spawning of Angler, 189.

Armed-Bullhead, 74.

Carcmus mcenas, 138, 174.

Common Dab, 45.

Lemon Dab, 48.

Lesser Weever, 70.

Sprat, 67.

Sprat {C'lupea sprattus). 52, 67.

Caught in otter-trawl, 67.

Spawning of, 67.

Starry Ray (Raia radiata) : Proportion
of sexes, 230.

Rate of growth of, 231.

Statistics : Necessity of ascertaining the
place of fishing, 38.

Necessity of dealing with catches of

individual vessels, 38.

Special, of North Sea fisheries, 37.

Stenhelia, 125.

ima, 114.

Stephos gyrans, 110.

scotti, 110.

Striped Wrasse (Labrus mixtus) Food
of, 221.

Sturgeon : Caught in trawl, 228.

Tarbet Ness : Hauls off, 37.

Tetragoniceps incertus, 117.

pygmmis, 117.

Thalestris clausii, 1.30.

peltata, 129.

rufocincta, 130.

Thornback Ray (Raia clavata) : Pro-
portion of sexes, 230.

Topknot, Muller's, 229.

Trachinus vipera : see Lesser Weever.
Trawling : Result of successive hauls on
same ground, 34, 36.

Trigla gurnardus : see Gurnard.
Turbot (Bothus maximus), 51.

Distribution of, 51.

Food of, 52.

Migrations of, 51.

Tusk (Brosmius brosme), 63.

Westwoodia nobilis, 130.

Whiting (Gadus merlangus) : Spawning
of, 20.

Pout (Gadus luscus) : Food of, 221.

Witch (Pleuronectes cynoglossus), 49.

Abundant in Moray Firth, 49.

Distribution of, 49.

Food of, 223.

Rarity of young, 49.

ZoEA of Carcinus mimas, 139.
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